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INTRODUCTION 
Considerable data have been published on net carbon exchange (NCE) 
for leaves of soybeans in the laboratory. However, most of the plant ma­
terial used in these studies was grown in greenhouses or other artificial 
environmental conditions. Kumura (1968a) and Bowes, Ogren and Hageman 
(1972) have reported NCE's of soybean leaves to be affected by the light 
conditions under which the leaves develop. Consequently, one wonders about 
the effects of atmospheric and rootitig environment modifications, as well. 
Therefore, it is difficult to apply laboratory information to field-ob­
served plant and crop phenomena, because there is really no good way to 
estimate the effects of the modified growth conditions. However, it is 
granted that information can be obtained in the laboratory that would be 
more difficult to obtain under field conditions. 
Lemon (1969) has applied the physics of turbulent diffusion to mea­
sure gaseous exchange of crop plants. Ideally, this method has much to 
recommend it because there is minimal disturbance of the plant environ­
ment. However, equipment and atmospheric conditions have stringent require­
ments and data analysis is complicated, to say the least. 
The enclosure of field plants in transparent chambers results in con­
siderable heating of the plant environment and could result in detrimental 
leaf temperatures unless cooling procedures are incorporated into the sys­
tem. Exchange measurements can be made by enclosing the plants in a sys­
tem containing an air-conditioner. Sakamoto and Shaw (1967b), Kumura 
(1968a)» Egli, Pendleton and Peters (1970) and others have used such 
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systems. However, a closed system presents some problems because leaks 
must be excluded, equipment costs are high and flexibility of use is min­
imal. Another possibility is to use an open system in which temperatures 
are maintained by the use of a large volume of air movement through the 
chambers. 
In light of the above facts and assertations the following aims of 
the research were developed: 
1) Verify varietal differences in NCE's of field-grown soybean 
canopies. 
2) Investigate the varietal relationships between NCE's and évapo­
transpiration (EVTR) rates. 
3) Investigate the varietal NCE and EVTR responses to solar radia­
tion, temperature, time of day and observe season trends in NCE's 
and EVTR rates. 
4) Investigate the relationships between soybean canopy structure, 
NCE and EVTR. 
5) Further test the open system for exchange measurements. 
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LITERATURE REVIEW 
Characteristics of Soybean Leaf Photosynthesis 
Calvin cycle versus C^ -dicarboxylic acid CO» fixation pathways 
The view was long held that the Calvin cycle operated exclusively in 
all higher plants. Differences in photosynthetic rates between plant 
species were attributed to differences in the rates of the dark reactions 
and resistances to CO^  diffusion to the fixation sites within the leaf 
(Gaastra, 1959, 1962; Hesketh, 1963). Although these supposed causes of 
differences in photosynthesis did not exclude fixation pathway differ­
ences, it remained for Kortschak, Hartt and Burr (1965) to establish the 
existence of pathway differences. They observed that, when sugarcane 
leaves were exposed to ^ C^O^  for a period up to 15 seconds, the radio­
activity in 3-phosphoglyceric acid (3-PGA) was never over 34%, whereas 
exposure of soybean leaves in a similar manner resulted in 80% of the 
total radioactivity being located in 3-PGA. Consequently, they con­
cluded the fixation pathways were qualitatively different. 
Confirmation of the existence of a CO^  fixation pathway different 
from the Calvin cycle was supplied by Hatch and Slack (1966). They 
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exposed segments of sugarcane leaves to COg for about 1 second and 
found more than 93% of the radioactivity located in malic, aspartic and 
oxaloacetic acids. 
Hatch and Slack (1970) propose that CO^  is introduced into the 
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C^ -dicarboxylic acid pathway (C^ ) fay the carboxylation of phosphoenol-
pyruvate (PEP) and the oxaloacetic acid so formed is rapidly intercon-
verted with pools of malic and aspartic acids. The 4th carbon of oxalo­
acetic acid is transferred to an acceptor, proposed to be ribulose 1,5-
diphosphate (RuDP) and appears as the first carbon in 3-PGA. Carbons 1, 
2 and 3 of oxaloacetic acid are re-phosphorlated to regenerate PEP. The 
3-PGA then follows reactions similar to the Calvin cycle. 
In the Calvin cycle, it is well accepted that RuDP is the initial 
COg acceptor. Nevertheless, \^ en tissue extracts are assayed at satu­
rating substrate concentrations, RuDP carboxylase quite often is inad­
equate to account for photosynthetic rates of Intact cells. However, 
HCOg was assumed to be the substrate in the majority of the rate studies, 
and Cooper et al. (1969) have shown CO^  to be the substrate. They ob­
served the incorporation of to be more rapid (eight-fold at the end 
of four minutes) when ^ C^Og + HCO^  was supplied to the extract than when 
COg + H^ C^O^  was supplied. The addition of carbonic anyhdrase when 
either + HCO^  or CO^  + H^ C^O^  was supplied resulted in identical 
rates. The incorporation rate at the end of four minutes \Aien carbonic 
anhydrase was used with CO^  + H^ C^O^  was two-fold the rate when the sub­
strate was used alone. However, the rate at four minutes when carbonic 
anhydrase was used with ^^ CO^  + HCO^  was only one-fourth of the rate 
when the substrate was used alone. 
Carbonic anhydrase is present both on the surface and inside the 
chloroplasts (Everson, 1970). CO^  in the cell may be converted to HCO^  
which would likely have a lower diffusion rate out of the cell than COg. 
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Carbonic anhydrase on the surface of the chloroplast could convert HCO^  
to COg and thereby facilitate diffusion into the chloroplast, where re­
conversion to HCOg would reduce diffusion out of the chloroplast. How­
ever, this would also reduce the concentration of CO^  which is the sub­
strate for RuDP carboxylase. Everson (1970) proposed that carbonic anhy­
drase does play a role in regulating the supply of CO^  to the chloroplast; 
however, he did not propose a mechanism. 
Chen, Brown and Black (1970) noted a correlation between low carbonic 
anhydrase activity with low CO^  compensation concentration, and converse­
ly, high carbonic anhydrase activity with high CO^  compensation concentra­
tion. The photosynthetic rate of those species with high CO^  compensation 
concentration was negatively correlated with carbonic anhydrase activity. 
Consequently, one wonders if a negative correlation exists between photo-
synthetic rate and carbonic anhydrase activity within a species. And, if 
so, is the level genetically controlled or is it an indicator of some 
other controlling factor(s)? 
C^  plants generally have a higher photosynthetic rate than plants 
with the Calvin cycle. Comparisons of enzyme activities between C^  plants 
and Calvin cycle plants have shown PEP carboxylase to be 50 to 100-fold 
more active in the C^  plants, whereas RuDP carboxylase is 1/10 as active 
as in Calvin cycle plants. PEP carboxylase has a much greater affinity 
for the substrate, and photorespiration is evidently inoperative in C^  
plants. Consequently, the greater photosynthetic rates of the C^  plants 
can be accounted for (Hatch and Slack, 1970). 
Photosynthetic rate is the basis for maximum yieldj however, other 
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factors are also involved. Although the photosynthetic rate of Atriplex 
spongiosa (a plant) was shown as high as, or higher than, that of A. 
hastata (a Calvin cycle plant) over a 23-day period, the total growth 
rate of ^  spongiosa declined to 0.8 of that of ^  hastata, whereas ini­
tially it was over twice that of ^  hastata. As the experiment pro­
gressed, the portion of photosynthate used to produce new leaf material pro­
gressively declined in A. spongiosa (Slatyer, 1970). These results clear­
ly indicate that factors other than photosynthetic rate can have signifi­
cant effects upon ultimate plant yield. 
Soybeans incorporate a high proportion of CO^  into 3-PGA (Kortschak 
et al., 1965), photorespire (Forrester, Krotkov and Nelson, 1966) and 
since these are attributes of Calvin cycle plants, they are placed in this 
plant grouping. 
Photorespiration 
Various methods are used to estimate respiration of plants during 
illumination (photorespiration); however, each method seems to have at 
least one limiting assumption. For example, one method of estimating 
photorespiration is to plot CO^  exchange on the ordinate and CO^  concen­
tration on the abscissa and extrapolate the curve below the compensation 
concentration to the ordinate. However, Meidner (1970b) maintains this 
gives an exaggerated estimate of photorespiration, because the curve is 
not linear at low COg concentrations. 
Gaastra (1962) reported that respiration can be as high as 25 to 50% 
of the rate of gross photosynthesis, and Hew, Krotkov and Canvin (1969a) 
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noted that at high light intensities and high flow rates the rate of COg 
evolution into CO^ -free air from leaves is 1.4 to 1.7 times greater in the 
light than in darkness. 
The specific activity of CO^  released into COg-free air after a prior 
14 period of photosynthesis with CO^  is higher in light than in darkness, 
which suggests light respiration involves a different substrate than dark 
respiration. The rate of CO^  release into CO^ -free air in darkness is 
constant when the oxygen concentration is greater than 2%, whereas photo-
respiration continues to increase with oxygen concentration up to 100%. 
Photorespiration values usually exceed those of dark respiration between 
15 and 30° C, but are less than dark respiration above 35° C. CO^  release 
into COg-free air following exposure to increasing light intenstiies pro­
gressively increases, thereby suggesting a close relationship between pho-
synthesis and photorespiration. Consequently, Jackson and Volk (1970) 
conclude that the bulk of the evidence indicates a change in respiratory 
processes upon illumination and under certain conditions it may be a sig­
nificant factor in net carbon exchange. 
The pathway of photorespiration seems to involve the reduction of 
glycolic acid to glyoxylate; the glyoxylate is then transaminated to form 
glycine, and the glycine combines with glyoxylate to form serine, release-
ing COg (Jackson and Volk, 1970). 
It has been speculated that plants do not photorespire. However, 
Irvine (1970) exposed sorghum leaves in a lighted, closed system to sugar­
cane or sorghum leaves •vrtiich had been previously labeled with radioactive 
carbon and found significant amounts of radioactivity in the detector 
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sorghum leaves after 30-ininutes. 
It also has been speculated that Calvin cycle plants have greater 
glycolic acid oxidase than plants. Rehfeld, Randall and Tolbert (1970) 
reported glycolic acid oxidase in com and sugarcane (C^  plants) to be 
about one-third that of wheat and spinach, both Calvin cycle plants. How­
ever, they also reported glycolic acid oxidase activity of Atriplex rosea, 
which is without photorespiration, to be about the same in activity as in 
A. patula, which has photorespiration. 
Thus, Rehfeld et al. (1970) conclude that photorespiration occurs in 
all plants, but CO^  evolution from glycolic acid metabolism is not mani­
fested by C^  plants, and Irvine (1970) suggest this phenomena in C^  is 
due to efficient CO^  recapture in high light. 
Forrester et al. (1966) reported experiments with detached leaves of 
soybean, from which they concluded dark respiration is inhibited during 
photosynthesis and replaced by photorespiration. 
Soybean varieties differ significantly in photosynthetic rate, and 
the differences evidently are not associated with different rates of pho­
torespiration, because CO^  evolution into COg-free air in the light and 
COg compensation concentrations are not significantly different (Dorn-
hoff and Shibles, 1970). However, there is a trend for varieties with 
the higher photosynthetic rates to have higher COg evolution into COg-
free air in the light. The authors postulated that higher leakage of COg 
into COg-free air in the light by the varieties with higher photosynthetic 
rates is due to lower diffusion resistances and that leaf resistances 
(stomatal and mesophyll) are largely responsible for varietal differences 
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in net photosynthesis. 
Bulley and Tregunna (1970) noted the CO^  compensation concentration 
for attached soybean leaves did not change much with changes in light in­
tensity. However, the rate of photosynthesis at the compensation concen­
tration did increase with light intensity, but it was not manifested by 
a reduction in the compensation concentration because it was cancelled by 
increased photorespiration. Consequently, they question the validity of 
COg compensation concentration as an accurate measure of photorespiration. 
Furthermore, they postulate the existence of a feedback loop whereby pho­
tosynthesis is inhibited by high oxygen concentration directly or by the 
drain of photosynthetic intermediates due to photorespiration. This re­
duction in photosynthesis would, in turn, reduce the potential for photo-
respiration since its substrate seems to be recently incorporated photo-
synthate. They feel this same loop can explain the altered rates of CO^  
uptake and evolution without change in the CO^  compensation concentration 
as light intensity is increased. 
Ogren and Bowles (1971) reported that oxygen competitively inhibits 
the incorporation of by purified soybean RuDP carboxylase and this 
inhibition is identical to the inhibition of photosynthesis in intact 
leaves. They conclude that the rate of photorespiration in soybeans is 
regulated by the level of RuDP carboxylase and that RuDP is either the 
photorespiratory substrate or the ultimate source of substrate. Further­
more, it is reported by Ogren (1971) that oxygen inhibition of CO^  fix­
ation accounts for two-thirds of the oxygen depression of net photosyn­
thesis and photorespiration accounts for one-third. Although it would 
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seem this information needs more substantiation, it is attractive because 
it places the inhibition of photosynthesis by oxygen on a kenetic basis 
and it places photorespiration in a less nebulous role. 
Genetic 
Among soybean varieties there are significant differences in leaf 
photosynthesis. The soybean varieties that have high rates tend to be 
selections of common parents that also have high rates and are high yield­
ing. However, there are exceptions to these trends (Ojima and Kawashima, 
1968; Ojima, Kawashima and Sakamoto, 1968; Dornhoff and Shibles, 1970). 
The photosynthetic rates of plants from crosses between high and 
low photosynthesizing parents were always lower than the high parent, but 
generally not significantly different from the low parent. Therefore, 
the low photosynthesis would appear dominant. The photosynthetic rates 
of the Fg generation were normally distributed (Ojima, Kawashima and 
Mikoshiba, 1969). The lines with high photosynthetic rates were gen­
erally from F2 plants with high rates and, likewise, F^  lines with low 
photosynthesis were from F^  plants with low photosynthesis (Ojima and 
Kawashima, 1970). 
Positive correlations have been reported between leaf photosynthetic 
rate of soybean varieties, specific leaf weight (leaf dry weight per unit 
area) and leaf thickness (Dornhoff, 1969; Dornhoff and Shibles, 1970). 
These relationships have led the authors to speculate that specific leaf 
weight or leaf thickness may be useful criterion for higher photosynthetic 
rate. 
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Resistances 
Gaastra (1959) developed procedures whereby values can be ascribed 
to diffusion resistances of CO^  in the external air, the stomata and sub-
stomatal cavity and the mesophyll cells. They are derived from the simul­
taneous measurements of photosynthesis, transpiration and temperature of 
a single leaf and evaporation experiments with leaf models. 
Much of the difference in photosynthetic rates between species and 
within species is attributed to differences in leaf resistances. However, 
there is considerable disagreement as to the correct procedure and to the 
values to ascribe to unmeasurable terms which are inherent to the chosen 
procedure. Also, since the mesophyll resistance is a residual term which 
is generally the largest value, there is disagreement as to whether it 
represents physical resistances to diffusion, biochemical factors or both 
and, if the latter, how much of each. 
Chartier, Chartier and Catsk^  (1970) calculated the diffusion resis­
tance to COg transfer in the leaf mesophyll and the carboxylation resis­
tance of 21-day old Phaseolus vulgaris leaves and concluded that the phys­
ical term is much larger than the biochemical term. However, Gauhl and 
BjOrkman (1969) and Ludlow (1970) maintain that the marked increase in 
photosynthesis by Calvin cycle plants when the oxygen concentration is 
lowered from 21% indicates that plant photosynthesis in normal air and at 
light saturation is not determined by physical barriers alone, but is 
markedly limited by biochemical processes, 
Treharne and Eagles (1970) reported a good correlation between the 
activity of RuDP carboxylase and photosynthetic rate between two climatic 
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races of orchardgrass. Photosynthetic rate is one of the terms used to 
calculate the total resistance and, since mesophyll resistance is a resid­
ual value, it is easy to see how the activity of RuDP carboxylase may 
affect the value. The authors suggest both physical resistance and the 
activities of the enzymes may be factors in determining the rate of photo­
synthesis, and their relative importance may vary from species to species. 
Consequently, one wonders if variation in photosynthetic rates within a 
species may not also be partially explained by the activity of this en­
zyme. And, if so, is the level genetically controlled or is it an indi­
cator of other factors? 
Meidner (1969, 1970a) reported that partial defoliation of Phaseolus 
vulgaris, four days prior to measurements of stomatal resistance, resulted 
in the defoliated plants having lower resistances than undefoliated plants. 
The author also reported increased photosynthetic rates by the defoliated 
plants, which he speculated could be due to the reduced stomatal resis­
tance (28%) and/or improved carboxylation efficiency. Consequently, it 
would seem that if the plant processes that were stimulated by defoliation 
could be identified it may be possible to reduce stomatal resistance and/ 
or improve carboxylation efficiency by a method other than defoliation 
and benefit by increased photosynthetic rate. 
Ontogenic 
Kumura and Naniwa (1965) have shown that the photosynthetic rate of 
a soybean leaf increases as the leaf develops, reaches a peak, and then 
declines with approaching senescence. The maximum photosynthetic rate of 
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fully-expanded field-grown soybean leaves increases with the rise in po­
sition of the leaf on the main stem. Dorrihoff and Shibles (1970) reported 
higher photosynthetic rates in later-produced soybean leaves. 
Photosynthesis of upper and lower leaves of debranched, field-grown 
-2 -1 
soybeans, spaced 76-cm by 76-cm, were equal at 50 mg CO^  -dm • hr , 
whereas the rates of upper and lower leaves of normal canopy plants 
-2 -1 
spaced, 5-cm by 76-cm, averaged 33 and 20 mg CO^  * dm • hr , respect­
ively (Beuerlein and Pendleton, 1970a, 1970b). However, it has generally 
been accepted that mature leaves have lower photosynthetic rates than re­
cently expanded leaves. Consequently, it would appear that age, per se, 
is not a controlling factor if the leaves have not experienced shading. 
Treharne and Eagles (1970) reported the photosynthetic rates of 
orchardgrass leaves increased from the first to the fifth leaf (numbered 
from the base of the plant upward) and this increase was paralleled by 
an increase in RuDP carboxylase activity. 
Temperature 
Gaastra (1959, 1962) has sho^ vn that photosynthesis, for various crop 
plants, is nearly independent of temperature in the range of 15 to 30° F. 
Criswell (1968) found 25° C to be optimum for photosynthesis of the flag 
leaf of oats, and he (1970) reported a range of 27 to 31° C as optimum 
for the fifth leaf of oats. Dornhoff (1969) noted that the photosynthetic 
rate of soybean leaves was unaffected by temperatures from 25 to 35 C, 
and Fukui, Ojima and Wanatabe (1965) noted little change in leaf photosyn­
thesis of soybean between 15 and 30° C. 
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Hofstra and Hesketh (1969a) measured stomatal aperture of soybean 
and found them to be greater on both the upper and lower surfaces at 33° 
C, thereby giving partial explanation to the increase in photosynthesis 
to about 35° C. These authors also reported (1969a) that, although the 
optimum temperatures vary from species to species of Calvin cycle plants, 
the rate of maximum photosynthesis and the rate of maximum photorespir­
ation occur at about the same temperature. 
Hew, Krotkov and Canvin (1969b) concluded the decrease in photosyn­
thesis between 20 and 30° C of various Calvin cycle plants was primarily 
due to an increase in photorespiration, with there being relative little 
effect on gross photosynthesis. However, Treharne and Eagles (1970) pro­
pose temperature can have two effects on photosynthetic measurements: 
1) short-term exposure to various temperatures during analysis can affect 
the physical diffusion of gases into and out of the leaf, and 2) different 
growth temperatures can result in markedly different anatomical and mor­
phological characteristics of leaves. as well as different photosynthetic 
capacities in terms of amount and/or activities of enzymes. 
Light 
Gaastra (1959, 1962) reported the photosynthetic rates at low light 
intensities are essentially the same for leaves of various species, but 
differ widely at high light intensities. Photosynthetic rate and stomatal 
conductance increased with increasing light intensity, although the in­
creases were different for the various species. He concluded the major 
factor for different response between species was due to COg diffusion. 
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However, the plants reported on by Gaastra (1959) were grown at 50 W « m 
fluorescent light, which would be considered low light (about 1,200 ft-c.) 
and this could have affected his results. 
It has been shown that irradiance raises the level of activity of 
the Calvin cycle carboxylating enzymes in dark grown corn (Chen, McMahon 
and Bogorad, 1967), barley (Keller and Huffaker, 1967), wheat and oats 
and both C^  and Calvin cycle enzymes of corn and sorghum, but has little 
effect on PEP carboxylase in wheat and oats (Graham et al., 1970). Ir­
radiance raised the level of activity of RuDP kinase 2.5 to 3-fold and 
that of NADPH 3 to 4-fold in Calvin cycle plants, whereas the activities 
of these materials in C^  plants were as high in the dark as in the Calvin 
cycle plants following irradiance (Steiger, Ziegler and Ziegler, 1970). 
Beuerlein and Pendleton (1970a, 1970b) have shown light saturation 
at 10,000 ft-c of upper leaves in a field-grown soybean canopy. On the 
other hand, the upper leaves of debranched spaced plants were not light 
saturated at 15,000 ft-c. The photosynthetic rate of the leaves of the 
spaced plants was 50% greater than the canopy plants. Dornhoff (1969) 
reported light saturation in July of 2,670 ft-c, but it increased to 
7,750 ft-c by late August. The increase in saturation level was accom­
panied by an increase in photosynthesis. 
Kumura (1968b) reported the photosynthetic rates of soybean leaves 
are conditioned by the radiation conditions under which the leaves de­
velop. The photosynthetic rates of soybean leaves subjected to shading 
at various time periods during early leaf expansion were more detrimental­
ly affected than those shaded during later periods of expansion. 
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Bowes, Ogren and Hageman (1972) subjected Wayne soybeans to various 
light intensities during plant development in a growth chamber by shading 
with white muslin and in the field by reducing solar radiation with black 
plastic. They found higher light intensities during growth resulted in 
increases in leaf photosynthesis, RuDP carboxylase activity, light satura­
tion intensity and specific leaf weight. They propose that light adapta­
tion may explain the large reported differences in photosynthetic rate 
and light saturation for the soybean. 
Carbon dioxide 
Gaastra (1959) has shown that, at high light intensities, the rela­
tionship between photosynthesis and CO^  concentration for single leaves 
of various crops is linear in the concentration range of 0 to 0.03%. 
Dornhoff (1971) has shown a linear relationship for soybean leaves up to 
300 ppm and Criswell (1970) reported linearity over the same CO^  concen­
tration range for oat leaves. 
Munchi, Volk and Jackson (1969) enclosed an illuminated soybean leaf 
in a leaf chamber in a manner such that it served as a membrane between 
the chamber halves and allowed the measurements of oxygen and COg exchange 
on both surfaces. The COg uptake of the lower surface was 5-fold that of 
the upper surface and this difference was accountable by stomatal number. 
However, as the lower surface approached the compensation concentration 
there was a marked increase in the porosity of the leaf, such that the COg 
uptake and oxygen release by the upper surface doubled. The authors con­
cluded the opening of the upper stomates was partially regulated by the 
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COg concentration of the lower surface. 
Canopy Photosynthesis of Soybeans and Diry Matter Production 
The economic value of a particular crop species or a variety depends 
not only on the photosynthetic rate of the individual leaves or the can­
opy, but also on the distribution of the photosynthate. Early in the 
growth period of annual crops a large proportion of the photosynthate must 
be devoted to development of additional leaf area in contrast to support 
material. And during the phase of growth in which the economic yield is 
produced it is obvious that a high proportion of the photosynthate must 
be devoted to the yield component. 
Hanway and Weber (1971) found the major difference in final seed 
yield among eight varieties of soybeans and between two years resulted 
primarily from differences in the time the seeds increased in weight in­
stead of differences in the rate of dry matter accumulation. Ojima and 
Fukui (1966b) have shown that the number of soybean ovules per unit land 
area increased with the accumulation of dry matter during the period of 
flower bud formation to anthesis. The number of these that matured 
per unit of land area depended upon dry matter distributed to the seeds. 
Consequently, they concluded that soybean grain yield is determined by the 
duration of seed filling and the crop growth rate during this period. 
Soybeans utilize a relatively small proportion of their total repro­
ductive capacity. With two varieties of soybeans the pods present at 
harvest maturity represented an average of 37% of the flowers that were 
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formed and an average of 58% of the pods that were initiated (Hansen, un­
published data). Hicks and Pendleton (1969) found that removal of all 
floral buds from any one-third section of soybean plants resulted in seed 
weight increases such that the yield per plant was not reduced. Yield and 
number of pods per plant were reduced when all floral buds were removed 
from all branches, but not affected when floral buds were removed from the 
main stem. (This would seem to indicate that stems are able to translocate 
photosynthate to the branches, but the reverse is not true.) McAlister 
and Krober (1958) noted that depodding, up to 40%, resulted in increased 
seed weight enough to maintain seed yield. Hence, it would appear that 
soybeans have a much greater capacity to initiate reproductive sites than 
to culminate reproductive sites and that photosynthate used in excessive 
initiation would be better used in culmination. 
Radiant energy 
Light quality (the portion of radiation between 400 and 700 nm) is 
an important consideration in evaluating CO^  exchange measurements made 
under artificial light. However, this facet of photosynthesis should pos­
sibly also be measured and considered for exchange measurements made under 
field conditions. Monteith (1969) suggests the ratio of photosynthetical-
ly active radiation to total radiation changes only slightly with the 
amount of water vapor and dust in the atmosphere, and it seems to be 
relatively insensitive to clouds. He suggests estimates of the fraction 
of 400 to 700 nm at 10° solar elevation to be 54%, at 20° to be 52% and 
30 to 90° to be 50%. However, McCree (1969) suggests the fraction from 
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30 to 90° can vary from 38 to 65% and cautions against indiscriminant use 
of the 50% figure. 
Interception Shibles and Weber (1965) reported that the percent 
of light interception and the rate of dry matter production of soybean 
canopies increased with increasing leaf area, reached a peak and remained 
constant even though the leaf area continued to increase. Consequently, 
they concluded that the lower, shaded leaves did not distract from the 
productivity of the canopy; therefore, soybeans represent a critical leaf 
area crop. However, Ojima and Fukui (1966a) concluded that soybeans rep­
resent a optimum leaf area crop because the crop growth rate rose to a 
peak at about three weeks after flowering and then declined. On the other 
hand. Buttery (1969) proposes that when crops enter a reproductive phase 
and produce energy-rich storage products the changes in dry weight, per 
se, do not then adequately reflect net assimilation. 
Soybeans exhibit a linear relationship between dry matter production 
and interception of solar radiation (Shibles and Weber, 1965). Increased 
soybean plant population resulted in increased leaf area and a reduction 
in the number of days from plant emergence until 95% interception of daily 
solar radiation. However, seed yield was not correlated with total dry 
matter production or dry matter produced during seed formation. Conse­
quently, Shibles and Weber (1966) concluded seed yield is a function of 
differential utilization of photosynthate between vegetative and seed pro­
duction. 
The yield of soybeans is positively correlated with both the amount 
of leaf area and the volume of the canopy above the light compensation 
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point (Shaw and Weber, 1967). Therefore, maximum seed yield may occur at 
less than maximum leaf area (Weber, Shibles and Byth, 1966). 
Quantity Sakamoto and Shaw (1967b) reported that a canopy of 
Hawkeye soybeans was light-saturated at 6,000 to 6,400 ft-c in the initial 
flowering stage, at 5,500 ft-c during pod formation and pod filling and 
then dropped rapidly at later plant growth stages. Maximum photosynthetic 
rate was at initial flowering, at a lower rate during pod formation and 
pod filling and then dropped rapidly. The projected light compensation 
point was 1,000 to 1,500 ft-c. Kumura (1965) showed light-saturation of 
a canopy of soybeans at about 40 klux for a LAI of 3. 
Jeffers and Shibles (1969) showed calculated exchange curves for mid-
August at 30° C of a canopy of Amsoy soybeans to be light-saturated under 
field conditions at LAI values of 0.4, but not light-saturated at higher 
LAI values. They obseirved an interaction between LAI and solar radiation, 
whereby the critical LAI was 5 to 6 with 0.2 ly • min and it was greater 
than 8 when solar radiation was 1.2 ly • min These variations in solar 
radiation can easily be experienced daily due to changes in sun angle and/ 
or clouds. Consequently, the critical LAI will change during the day as 
well as over the season. 
Canopy type Soybean leaves are more or less heliotropic, depend­
ing upon genetic characteristics and environmental conditions. Conse­
quently, this characteristic may affect radiation absorbed. However, as 
the angle toward the sun decreases reflection increases and transmission 
decreases, therefore, the fraction of radiation absorbed is almost 
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independent of sun angle (Monteith, 1969). 
Luxmore, Millington and Marcellos (1971) report at low sun angles 
more than 50% of the incoming radiant energy is reflected and reradiated 
from a canopy of Amsoy soybeans. This fraction decreases as the sun angle 
-1 increases, when the incoming radiation exceeds 0.4 ly • min . Leaves in 
the lower part of the canopy are more or less vertical, whereas the upper 
leaves tend to be horizontal, unless the plants are under water stress. 
During the season there are significant changes in the portion of re­
flected and reradiated energy from the canopy due to changes in leaf char­
acteristics and canopy structure. 
Sakamoto and Shaw (1967a) noted self-shading within the soybean can­
opy due to the predominant interception at the periphery (over 90% (Felch, 
1970)), and they concluded many leaves do not receive adequate radiation. 
Additional light provided for 12 hours during normal daylight at three 
heights in canopies of Amsoy and Wayne soybeans increased the yield of the 
bottom, middle and upper portions 30, 20 and 2%, respectively. Regard­
less of the light regime, Amsoy gave a higher yield in the lower and mid­
dle portions of the canopy and Wayne gave a higher yield in the upper por­
tion. These differences possibly are due to differences in canopy struc­
ture, which results in differences in light penetration to the lower 
leaves. Supplemental light increased the photosynthetic rates of the 
bottom and middle canopy leaves 73 and 41%, respectively. However, open­
ing the canopy to expose the lower and middle leaves to sunlight resulted 
in increases in photosynthesis of 258 and 50%, respectively (Johnson et 
al., 1969). 
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Egli, Pendleton and Peters (1970) reported canopies of Wayne and 
Harosoy-narrow-leaflet soybeans did not reach light saturation under field 
conditions during the last half of July (presumably the beginning pod-
filling stage), vAiereas Harosoy-normal-leaflet was light saturated at 1.2 
ly • min Furthermore, tests during the first part of August (presum­
ably the beginning seed stage) failed to show light saturation of any of 
the soybeans. Canopy photosynthesis of Harosoy-narrow-leaflet was 45% 
greater than that of Harosoy-normal-leaflet and 13% greater than the rate 
of Wayne when the rates were expressed on the leaf area basis. However, 
when the rates were expressed on the land area basis, Wayne fixed 6.3% 
more CO^  than Harosoy-narrow-leaflet, which was equal to Harosoy-normal-
leaflet. 
Hicks et al. (1969) have reported light penetration of Harosoy-nar­
row- leaflet and Harosoy-normal-leaflet canopies. More light penetrated 
into the narrow leaflet canopy; however, the seed yields were not differ­
ent. 
Kumura (1968a) has shown that the photosynthetic rate of a soybean 
plant community depends upon the total radiation and also on the pro­
portion of diffuse light. Under equal light intensities, the photosyn­
thetic rate increased as the proportion of diffuse light increased. Under 
clear sky conditions, many sun-flecks were formed and the majority of the 
light was concentrated in these limited regions. Whereas, under hazy or 
cloudy conditions, the portion of diffuse light is high and distribution 
is more even within the photosynthetic system, horizontally as well as 
vertically. 
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The photosynthetic and respiratory contribution of various parts of 
the soybean canopy were evaluated by Kumura and Naniwa (1965). The green 
pods made a positive contribution to the canopy exchange, although it was 
considerably less than that of the leaves. The support material also made 
a positive contribution, but less than the green pods. During the first 
part of the growth period the majority of the respiration was due to the 
leaves, but during the last part both the pods and leaves predominated in 
respiratory capacity. 
Flinn and Pate (1970) reported an interesting phenomena of field pea. 
The carbon dioxide that accumulates inside the fruit due to respiring 
seeds is reassimilated by the pods and transported back to the seeds. To 
my knowledge this phenomena has not been investigated with soybeans. 
Therefore, its importance in soybeans is a matter of conjecture. However, 
Kumura and Naniwa (1965) reported substantial respiration by the pods, 
and it would seem likely that the seeds would contribute the major por­
tion. Therefore, since the pods show positive exchange, their actual rate 
of photosynthesis may be much larger than indicated by normal exchange 
measurements. 
Temperature 
Leaflet angle relative to the sun can result in variations in the 
portion of incoming radiation reflected, transmitted, absorbed and re-
radiated (Monteith, 1969). Soybean leaves tied upright had a lower tem­
perature than normally exposed leaves on sunny days, but there was no 
difference in leaf temperature on overcast days (Stevenson and Shaw, 
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1971b). Felch (1970) noted that soybean leaf temperatures are generally 
higher than air temperatures. 
In soybeans the maximum rate of photorespiration, as evaluated by CO^  
release into CO^ -free air in light, occurred at about 40° C, which was 
also about the temperature of maximum photosynthesis. But the maximum 
rate of dark respiration occurred at about 50° C (Hofstra and Hesketh, 
1969a). However, Hew et al. (1969b) reported a decline in photosynthesis 
from 20 to 40° C at 1,800 ft-c and 21% oxygen and they concluded the de­
cline can largely be accounted for by increased CO^  evolution in the 
light. 
With artificial cotton communities (potted plants spaced to form a 
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canopy), the net photosynthetic rate did not change at 20 C when the LAI 
increased from 3 to 7.6. However, there was a slight decline at higher 
LAI when the temperature was raised to 30° C and a marked decline when the 
temperature was raised to 40° C. At the 40° C day temperature the LAI 
dropped from 7 to 5.4 through the loss of the lower leaves (Ludwig, Saeki 
and Evans, 1965). It seems reasonable that a similar reaction might occur 
with soybeans, and under Iowa conditions this range of temperature occurs. 
Water status 
As leaf water potential is reduced leaf enlargement is reduced much 
sooner and more dramatically than photosynthesis or respiration at light 
intensities of 1.6 cal * cm ^  • min 77% relative humidity and 25° C. 
The photosynthetic rate of soybeans is not affected until the leaf water 
potential is reduced to less than -11 bars and can be attributed to 
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stomatal behavior down to -16 bars (Boyer, 1970a, 1970b). Gaastra (1959) 
noted the photosynthetic rates for the same stomatal width in the opening 
and closing phases show the rate in the opening phase to be 2.4 to 3.5-
fold that of the closing phase. Consequently, he concluded that water 
losses bring about a greater increase in mesophyll resistance than sto­
matal resistance, which appears to contradict Boyer (1970a, 1970b). 
Ghorashy, Pendleton and Boyer (1970) applied water stress to three 
isogenic lines of field-grown Clark soybeans (dense pubescent, normal and 
glabrous) at either flowering or pod-filling stages of development. There 
were only small differences among the three isogenic lines in photosyn­
thesis of single leaves and seed yield at a given moisture regime and de­
velopmental stage. Stevenson (1969) reported the laminar resistance of 
the dense pubescent isogenic line of Harosoy soybeans to be greater than 
the laminar resistance of the normal pubescent type. Baker and Myhre 
(1969) reported narrow cotton leaves have a lower laminar resistance than 
wide leaves. However, laminar resistance is small compared to other leaf 
resistances, and changes in its value would probably have little effect on 
photosynthetic rate, water loss or yield. 
Fischer, Hsiao and Hagan (1970) and Fischer (1970) applied moisture 
stress to broad beans grown in pots and concluded only a minor portion of 
the post stress damage is located in the guard cells. Gale, Kohl and 
Hagan (1966) reported that values of mesophyll resistance to COg diffusion 
of bean plants are not constant, but rise with increased vapor pressure 
deficit and decreased soil water potential. Consequently, increased vapor 
pressure deficit or decreased soil water potential can result in increased 
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transpiration and reduced photosynthesis. Stevenson and Shaw (1971a) 
noted a slight deficit in leaf water potential was necessary for maximum 
stomatal opening in soybeans. 
Throughout the day soybean leaves tied upright have less resistance 
to water vapor diffusion than those normally positioned. It is suggested 
this difference is due to reduced radiation on the upri^ t leaves during 
midday (Stevenson and Shaw, 1971b). The location of the highest relative 
water content in the soybean canopy is influenced by the amount of water 
present. When the soil moisture level is high the highest relative water 
content is located at the bottom of the canopy, and when the soil moisture 
level is low it is located at the top of the canopy (Felch, 1970). Under 
soil moisture stress, leaf resistance to water vapor diffusion develops 
more rapidly in the middle and lower leaves than the upper leaves of a 
soybean canopy. The authors conclude this indicates preferential flow of 
water to the upper leaves (Stevenson and Shaw, 1971a). The stomatal ap-
erature is the greatest at the top of a soybean canopy (Felch, 1970), 
Consequently, when water is limited the better water regime is provided 
to the portion of the soybean canopy with the highest photosynthetic po­
tential. 
Carbon dioxide 
Lemon (1969) reported that eddies moving across a crop surface have 
different physical characteristics: temperature, CO^  concentration and 
vapor pressure. Also, there are up-drafts and down-drafts occurring at 
a frequency of 2 to 4 per minute which can result in 3 to 5° C changes in 
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temperature and 10 to 20 ppm changes in CO^  concentration. Up-drafts are 
hotter and lower in CO^ , whereas down-drafts are cooler and higher in CO2. 
Jeffers and Shibles (1969) reported air circulation within a canopy 
enclosure is necessary for maximum CO^  exchange. They suggest the en­
hanced exchange could be due to one or more of the following: additional 
cooling of the upper leaves, sun flecking on lower leaves resulting from 
movement of the upper leaves and/or breaking down of CO^  stratification 
of the air within the enclosure. 
COg enrichment (to about 1,200 ppm) during the daylight hours for 
five weeks prior to flowering of field-grown Hark soybeans resulted in in­
creased vegetative yield, but did not affect seed yield. Enrichment for 
five weeks during flowering increased the number of pods, but not the seed 
yield. Enrichment for five weeks fclloïâng flowering caused significant 
increases in pod number and seed yield (Brun and Hardman, 1970). 
Canopy COg exchange measurements of Corsoy soybeans, following CO^  
enrichment (to about 1,200 ppm) during a three week period following be­
ginning of podding, were greater than those for untreated soybeans when 
calculated on the land area basis. However, the CO^ -enrichment resulted 
in much greater vegetative growth. Consequently, when based on a similar 
leaf area, the exchange rates of the treated plots were not much differ­
ent from the rates of the untreated plants (Hansen, 1970). 
Sink 
Johnson et al. (1969) reported that photosynthetic rate of leaves at 
the same canopy level on adjacent soybean plants within a variety (Amsoy 
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or Wayne) were up to 19% different. However, the photosynthetic rates of 
leaves at three canopy levels cn the same plant were all higher or all 
lower than those of adjacent plants, thereby suggesting the rate is de­
termined by the plant. 
Roller, Nyquist and Chorush (1970) reported that at any specific 
time the most recently initiated soybean plant fraction has the greatest 
relative growth rate (RGR). Also, the RGR of each plant fraction steadily 
decreases at a decreasing rate as the season progresses. The peak crop 
growth rate (CGR) of the plant components was reached in the following 
sequence: leaf, supporting, pod wall and seed. Total above ground RGR 
and CGR declined until early August and then rose to a secondary peak in 
mid-August, which was attributed to an increase in net assimilation rate 
(MR). The authors interpreted the increase in NAR as a response of the 
photosynthetic apparatus to an increase in demand due to the rapid growth 
of the seed component. 
Buttery (1969) concluded that when soybean plants enter the repro­
ductive phase and produce energy-rich storage products the changes in dry 
weight, per se, do not then reflect adequately the net assimilation rate. 
Consequently, •vrtien plants are in the fruit producing stage RGR, NAR and 
CGR data must be considered thought fully. 
Ghorashy et al. (1970) noted increased photosynthetic rates of single 
leaves of isogenic lines of Clark soybeans during pod filling, such that 
the rates were from 173 to 200% their pre-flowering rates. Also, Hansen 
(1970) reported increased soybean canopy photosynthesis during the third 
week of August. 
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Other 
Fattak and Wort (1970) sprayed bush beans with 0.5% potassium naph-
thenates and noted an increase in photosynthetic rate which resulted in 
a 17% increase in pod fresh-weight 21 days after the treatment. 
Bidwell and Turner (1965) sprayed the leaves of various plants (in­
cluding soybean) with indoleacetic acid (lAA) and reported a 25 to 100% 
increase in the photosynthetic rate (25 to 35% for soybean) during the 
one-half to 1 hour period following spraying. The only plant tested that 
did not respond was com. Spraying lAA on the primary leaflet of soybean 
resulted in increased CO^  exchange of the secondary leaflets. Spraying 
with kinetin resulted in a marked reduction in CO^  exchange. However, 
when leaves were sprayed with lAA in addition to kinetin the rate was 
stimulated. 
Dwarf bean and com plants that were partially defoliated three days 
prior to CO^  exchange measurements had higher exchange rates per unit leaf 
area than those plants defoliated immediately prior to testing. Signif­
icantly higher levels of RuDP carboxylase activity per unit leaf area 
were detected in the remaining bean leaves three days after partial de­
foliation, and a significant difference was still present five days after 
defoliation. The activity of PEP carboxylase was significantly greater 
in com plants defoliated two days prior to analysis when compared to 
those defoliated immediately prior to analysis. The activity of the car-
boxy lation enzymes per unit of protein did not increase because there was 
a rise in total protein that paralleled the increase in activity (Wareing, 
Khalifa and Trehame, 1968). 
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The authors propose the roots supply a necessary factor for leaf 
protein synthesis and there is evidence that the factor is cytokinin. 
They removed one-half of the root system of partially defoliated dwarf 
corn and were not able to measure increased photosynthesis. However, they 
were able to measure increased photosynthesis on similarly root-pruned 
dwarf corn that had been treated with kinetin (6 furfuryl-amino purine). 
The researchers suggest that partial defoliation increases the demand for 
photosynthate on the remaining leaves, thereby reducing the chances of 
product inhibition and also reducing the competition for materials sup­
plied by the roots, resulting in increased photosynthetic efficiency. 
They concluded that in field conditions the photosynthetic rate may be 
partially enzyme-limited in some species, and this has theoretical and 
practical application because enzyme activity should be subject to genetic 
manipulation « 
Evapotranspiration 
Rosenberg, Hart and Brown (1968) report drought (a deviation from 
normal weather characterized by prolonged and abnormal moisture deficien­
cy) occurred in central Iowa 32% of all of the months studied, and wet 
spells were found during 50% of the months. The median drought was about 
seven months and the average 9.6 months. One-half of the droughts (a 
total of 14 during 33 years) began in May or June. Therefore, it would 
seem reasonable that plant species and varieties that are less subject 
to moisture stress would be desirable. 
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Transpiration is basically a passive process determined by: 1) the 
amount of energy input of latent heat demand for water evaporation, 2) the 
availability of water at the surfaces of the plant where evaporation oc­
curs, and 3) the existence of a transfer mechanism to move the water vapor 
from the plant surfaces, where evaporation occurs, to the atmospheric 
sink. The degree of stress that will develop in a plant depends upon the 
lag between transpiration and absorption. When water deficit reaches a 
critical level, depending upon species, age, etc., turgor induced changes 
in stomatal aperture occur. These changes result in an increase in re­
sistance to transpiration (Shaw and Laing, 1966). 
Aerodynamic methods of evaluating évapotranspiration yield suffi­
ciently accurate results for most conditions (Rosenberg, et al., 1968), 
The original equations have undergone many refinements and the majority 
are directed toward stability correlations, which appear necessary for 
reliable estimates over most surfaces. The stringent requirements for 
fetch which appear necessary for proper measurement by aerodynamic methods 
tend to reduce the practicality of these methods and their applicability 
to agricultural fields. Moreover, eddy correlation methods to estimate 
vertical flux of heat and water vapor have inherent instrumentation re­
quirements that are hard to meet. 
Energy balance techniques for estimating évapotranspiration have 
proven reasonably accurate in the more humid regions of the country, be­
cause net radiation closely approximates the latent energy of evaporation 
(Rosenberg et al., 1968). When advection is considerable the methods must 
be modified to consider this additional energy. 
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Empirical and bookkeeping methods have been fairly extensively used 
because they require relatively simple measurements which are easily avail­
able, and meteorological data can be supplied for such equations (Rosenberg 
et al., 1968). 
On the other hand. Decker (1964) concludes that estimates of évapo­
transpiration from meteorological data tend to overestimate low évapo­
transpiration and underestimate high évapotranspiration. 
Tanner (1967) proposes that lysimetry has great importance not only 
as a method of evaluating évapotranspiration, but also as a check on the 
suitability of other methods of estimating évapotranspiration and cali­
bration of the empirical equations. 
Radiation 
Ritchie (1971) has reported that the energy used in daily plant évapo­
transpiration from grain sorghum and cotton is about equal to net radia­
tion, when adequate water is available and with 45% ground cover. How­
ever, if évapotranspiration is considered over the summer, the energy used 
for évapotranspiration is equal to 70 to 80% of the net radiant energy and 
nearly all of the remaining energy is used to warm the atmosphere (Decker, 
1964). 
A higher proportion of the sun's total radiation, than of visible 
radiation, reaches the soil surface. This is because of relatively high 
transmission of solar radiation in the near infrared regions of the spec­
trum and the thermal radiation from warm plant parts. Consequently, con­
siderably more water will evaporate from the soil surface under a crop 
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than would normally be suspected (Lemon, 1966). 
Increasing the albedo of a crop may reduce the évapotranspiration 
rate and increase the water use efficiency, if advected energy is a small 
part of the energy budget. Albedo and field wetness are the main factors 
influencing évapotranspiration from an irrigated field, and wind speed, 
roughness of the crop surface and large scale temperature stratification 
of the atmosphere are only secondary factors (Seginer, 1969). 
Doraiswamy and Rosenberg (1971) coated an irrigated field of soybeans 
in 1969 with a white kaolinite clay to increase the albedo. They measured 
a significant decrease in water vapor flux over the treated crop. Mea­
surements of COg exchange of treated and untreated plants were not differ­
ent. The experiment was also conducted in 1970, and they were not able to 
measure an increase in seed yield due to the treatment. 
Temperature 
Air is a relative poor radiation absorber; however, it exchanges sen­
sible heat readily. The heat of the air is primarily gained by air flow­
ing across warmer surfaces (soil and leaves), where the sun's energy is 
absorbed. Air is capable of transfering sensible heat from warmer bodies 
to cooler bodies. 
A plant canopy is generally at a temperature approximating that of 
the air temperature. Leaves exposed to the sun will be warmer than air 
temperature, but those within the canopy and not exposed to the sun will 
be cooler than air temperature, assuring adequate moisture is available 
to the plant (Gates and Hanks, 1967). 
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Haran and Huffsmith (1967) used weighable lysimeters in a greenhouse 
to estimate évapotranspiration and concluded that air flow may affect leaf 
temperature and result in changes in évapotranspiration. It would also 
seem that air flow may affect movement of the water vapor from the plant 
to the atmospheric sink and this would likely increase évapotranspiration. 
Pallas, Michel and Harris (1967) reported that the leaf temperature 
of cotton plants was positively correlated with light intensity and neg­
atively correlated with transpiration, vapor pressure deficit of the air 
and soil water potential. 
Vapor pressure 
Gavande and Taylor (1967) reported that an increase in atmospheric 
evaporative demand, due to an increase in temperature or a decrease in 
relative humidity, resulted in decreases (values became negative or more 
negative) in plant water potential, osmotic potential and turgor poten­
tial. The change in atmospheric evaporative demand resulted in an initial 
rise in transpiration rate and then a decrease suggesting stomatal and/or 
water potential response(s). 
O'Leary and Knecht (1971) grew red kidney beans in growth chambers 
at 35 to 40%, 70 to 75% and 95 to 100% relative humidity at 4,000 ft-c 
for 12 hour light periods with 75° F day and 65° F night temperatures. 
There were no significant differences in fresh or dry weights after 20 or 
26 days growth. However, at 47 days the plants at the lowest humidity 
had significantly less fresh and dry seed weights. Also, the water use 
efficiency was the greatest with the highest humidity. Mielke and Peck 
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(1967) noted a high correlation between évapotranspiration of snap bean 
and vapor pressure deficit of the air and open-pan evaporation. And 
Pallas et al, (1967) reported transpiration of cotton was twice as great 
under 30% relative humidity as with 90% relative humidity, regardless of 
light flux density (17, 35 or 63 ly • hr )^. 
Petrasovits and Bela (1970) measured évapotranspiration from corn, 
grown in pots, to evaluate the interaction between soil moisture and rel­
ative humidity. Evapotranspiration increased to a greater extent as a re­
sponse to a decrease in relative humidity than it did under the effect of 
increased soil moisture. With low relative humidity values there was a 
close relationship between évapotranspiration and relative humidity. As 
the soil moisture approached the ideal level the correlation between leaf 
area and évapotranspiration became positive. 
Stern (1967) noted greater water use efficiency by irrigated cotton 
during wet seasons than during dry seasons. However, he reasoned there 
would be less advected energy in the wet season and this could totally 
or partially account for the difference. He also noted plants of the dry 
season generally had more stomatal resistance; consequently, they would 
seem to be better equipped to regulate water loss. 
Laing (1966) reported that open-pan evaporation is not linearly re­
lated to the development of diurnal water stress in soybeans, and he sug­
gests this is because of stomata closure by the upper exposed leaves of the 
canopy. 
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Soil 
When the soil is near field capacity the évapotranspiration rate is 
controlled by meteorological factors (Denmead and Shaw, 1962; Stern, 1967). 
The rate of évapotranspiration is reduced as the water level is reduced 
below field capacity; however, the rate of évapotranspiration is not nec­
essarily related to open-pan evaporation because the soil may not dry uni­
formly (Stem, 1967). Plant water status is determined more by the rel­
ative water uptake and loss than by soil water supply (Rosenberg et al., 
1968). 
Wallace (1970) has shown that évapotranspiration rates are more in­
fluenced by the soil temperature than by soil moisture, and water use ef­
ficiency is the greatest at low soil moisture and low soil temperature. 
Work with corn has shown that turgor loss point (soil moisture con­
tent at which a decline in relative transpiration rate occurs) occurred 
at three widely different soil moisture contents, because of differences 
in atmospheric demand. Consequently, the authors conclude it is necessary 
to consider both atmospheric demand and soil moisture \Aien defining the 
wilting point of a soil (Denmead and Shaw, 1962; Shaw and Laing, 1966). 
Peters and Johnson (1960) reported evaporation from the soil surface 
alone was responsible for one-half or more of the total moisture lost from 
the soil profile under a soybean crop when the soil surface was kept moist, 
and one-fourth to one-half of the total moisture lost in a season. They 
noted a considerable amount of water was taken from the lower part of the 
soil profile (30-inches and below), even with irrigation. They suggest 
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plants may suffer moisture stress even with seemingly adequate summer 
rains, because these rains only affect the upper one-half of the soil 
profile. 
Plant 
Stomata frequency and stomatal response can affect the transpiration 
rate. Waggoner (1966) reports on a variety of potato which is unable to 
close its stomata and in ;Aich excised leaves continue to transpire after 
they are wilted. He concludes the size, shape and density of stomata are 
genetically controlled, as is the action of the guard cells. Heichel 
(1971) has found consistent differences in stomatal number between two in­
bred lines of corn, and the generation of their cross indicates partial 
dominance for stomatal frequency. 
When the trichomes on a soybean leaf are young and liquid-filled they 
contribute to cuticular transpiration of the leaf. Under artificial con­
ditions the trichomes reduced wind speed over the leaf, resulting in about 
a 15% reduction in transpiration. The author concludes that trichomes may 
reduce transpiration under field conditions [Woolley, 1964). 
Gates and Hanks (1967) have concluded plant height has little effect 
on évapotranspiration unless there is considerable advection of energy. 
Tall plants are able to intercept more advected energy than short plants 
and their évapotranspiration will be greater than the short plants when 
there is considerable advection of energy. 
Fertilization results in increased total water use, daily water use, 
soil water depletion and grain yield. Plant growth stimulation due to 
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fertilization does not substantially increase the évapotranspiration rate 
after complete ground cover (Krogman, 1967; Brown, 1971). Long season 
varieties of rice generally use more water than short season varieties ; 
however, the grain yields may be similar (Sugimoto, 1970b). 
Jensen (1967) has reported a ratio of 0.9 for évapotranspiration 
from field-grown red kidney beans compared to open-pan evaporation. He 
noted variation in the ratio with plants in a growth chamber, depending 
upon the movement of the air within the chamber. 
Population Kirby (1970) reported that the cumulative évapotrans­
piration by barley plants with densities of 200 and 800 plants per square 
meter was about the same. The évapotranspiration rate of the 800 plants 
was greater early in the season, but the rate of the 200 plants was 
greater during the mid-season, even though both canopies were closed. The 
author suggests the early higher évapotranspiration of the higher plant 
population may have reduced the soil water and account for the mid-season 
difference. 
Downey (1971) has shown the seasonal évapotranspiration of corn at 
three plant densities to be nearly the same. Any differences in rate 
prior to complete ground cover were traceable to differences in develop­
ment. The ratio of évapotranspiration to open-pan evaporation rose during 
plant development to describe a quadratic-shaped curve, reached a plateau 
during anthesis (for about one week) and then fell rapidly. 
The ratio of évapotranspiration and open-pan evaporation was about 
0.9 for grain sorghum whether in 0.92-meter rows or 0.46-meter rows with 
lAI's of about 2.7. Thereafter, lAien water was available, the ratio of 
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évapotranspiration and open-pan evaporation was about 1 (Ritchie and 
Burnett, 1971). 
TinmonSj Holt and Thompson (1967) reported neither row spacing nor 
plant population significantly affected évapotranspiration in a two year 
study of soybeans. Generally, the highest water use efficiencies were 
obtained with the lower plant population in the narrow (20-cin) rows as 
compared to wide (120-cm) rows. 
Therefore, when water is available to both the plant and soil surface 
plant population has little effect on évapotranspiration. As the plant 
population is increased transpiration is increased, but less radiation 
hits the soil surface and evaporation is reduced. When the soil surface 
is not moist an increase in plant population increases évapotranspiration 
(Gates and Hanks, 1967). 
Leaf area Sugimoto (1970a) plotted the ratio of transpiration 
and open-pan evaporation against the leaf area of rice and noted an expo­
nential relationship. The maximum value was reached at an LAI of 3. 
Namken, Gerard and Brown (1968) plotted évapotranspiration against time 
for cotton and noted a sigmoid-shaped curve that peaked at the time of 
maximum leaf area and then declined. Denmead and Shaw (1959) plotted the 
ratio of évapotranspiration and open-pan evaporation against time for corn 
and noted a sigmoid-shaped curve from planting to silking. From silking 
to ear development the ratio was nearly constant and then declined, slowly 
at first and then rapidly. This suggests that the change in ratio was due 
to increasing leaf area until silking and to declining physiological ac­
tivity following ear initiation. Laing (1966) observed a similar 
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relationship with soybeans. 
Gornat, Goldberg and Sadan (1971) reported nearly a linear decreas­
ing ratio of évapotranspiration and open-pan evaporation with time for 
sugar beets. However, these plants were grown in Israel during the winter, 
with maximum temperatures occurring at the beginning and the end of the 
growing season and with irrigation in addition to rainfall. Consequently, 
they found evaporative demand and availability of soil moisture as deter­
mining factors, in contrast to percentage of ground cover and plant devel­
opment. 
Laing(1966) found that wilting of soybeans becomes evident at about 
85% relative turgor. The order of wilting is ; 1) exposed upper leaves, 
2) bottom leaves, and 3) upper immature leaves. Epidermal impressions of 
lower leaf surfaces indicated stomatal closure at 88 to 89% relative tur­
gor and 90% closure at 82% relative turgor. There is a sharp drop in 
photosynthesis with less than 90% relative turgor. 
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METHODS AND MATERIALS 
General 
The research plots were located on the Beach Avenue Research Field, 
Ames in both 1967 and 1968. The soil type is Colo silty clay loam. Phos­
phorus and potassium were applied at 50 and 125 pounds (elemental), re­
spectively, prior to fall plowing in 1966 and 1967. The plots were in 
oats the years prior to being planted to soybeans. 
A-lOO, Blackhawk, Hark and Rampage soybean varieties were planted in 
25-cm north-south rows on May 19, 1967. Blackhawk, Hark, Lindarin-63 and 
Provar soybean varieties were planted in the same manner on May 26, 1968. 
Amiben was applied prior to emergence of the soybeans for weed control. 
The plants were thinned to 2 plants per 25-cm of row on June 15, 1967, 
and June 14, 1968, when the plants were in the unifoliolate to first tri-
foliolate leaf stages. 
To prevent lodging, 16-gauge fencing was placed horizontally over the 
plots when the plants were about 24-inches tall. Some strands had been 
removed so the openings between the remaining strands were about 4 by 6 
inches. Subsequently, the plants grew through the openings, needing as­
sistance only occasionally. The level of the fencing was raised occa­
sionally so that it remained about 1-foot below the tops of the canopies. 
All of the plots were treated on July 28, 1968, with two pounds of 
actual DDT per acre to control alfalfa, cabbage and thistle caterpillars 
and on August 14, 1968, for grasshopper control. Plots were treated with 
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zineb on August 9, 1968, in an attempt to control various leaf diseases. 
During both years the plots were irrigated by flooding to supplement 
rainfall. However, on a few occasions in both years the physical appear­
ance of the plants on high demand days was indicative of some moisture 
stress. 
In preparation to gas exchange measurements all plant parts were 
gleaned from the soil surface that was to be covered by a chamber. Con­
sequently, there were no decaying plant parts to affect the CO^  exchange 
measurements. 
Leaf Area Manipulation 
After soybeans reach their maximum leaf area, the leaf area varies 
little because new leaves are added at the top of the canopy and old 
leaves are dropped from the lower canopy. Consequently, to evaluate the 
effects of leaf area on gas exchange rates it is necessary to vary the 
leaf area by partial defoliation. Gas exchange measurements were made at 
a given leaf area until it was estimated that an adequate number of ob­
servations at varying solar flux densities had been obtained (generally one 
day). Then, leaves, estimated to comprise the lower one-half of the can­
opy were removed, and the following day gas exchange was measured on the 
remaining canopy. The measurement of gas exchange rates and the leaf area 
removal process was repeated four times during a series, which was gener­
ally one week. Consequently, the first day measurements were made on full 
canopies, the second day on the upper one-half canopies, the third day on 
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the upper one-fourth canopies and the fourth day on the upper one-eighth 
canopies. 
When the leaves were removed they were placed in plastic bags contain­
ing wetted paper towels. They were stored in a cooler until the following 
day, when the petioles were removed and the leaf area was determined with 
an optical planimeter. Upon completion of the fourth day's measurements 
the plants were harvested and dry weights obtained for the leaf and sup­
port portions of the canopies. 
The 1967 Gas Exchange System 
Chambers 
The chambers covered areas 1-meter by 1-meter (4 rows) and were about 
1%-meters high. The plots consisted of nine rows; therefore, three rows 
were used as border on the west of the chambers and two rows on the east. 
About 70-cm of plot on the south of the chamber was used as border and 
50-cm of plot on the north. 
The chamber bases were constructed of 1-inch by 6-inch lumber. Strips 
of 1/8-inch flat iron were attached to the bases, so the bases could be 
pushed into the soil, and thereby, provide a relatively air-tight junction 
between the chamber bases and the soil. Loose soil was also mounded around 
the bases to further improve the seal. 
The chamber covers were constructed of 3-mil polyvinyl-chloride plas­
tic film. The transmission of the film for 400 to 700 nm light was great­
er than 90%. To support the plastic chamber covers frames were constructed 
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of %-inch galvanized electricians' thinwall conduit. The Ph.D. thesis of 
D. L. Jeffers contains a drawing of a chamber similar to those used in 
1967; however, the intake blowers were mounted on the chambers so the air 
entered at about the same location as the inlet in Jeffers' drawing. 
The pieces of plastic for the covers were joined together with plas­
tic tape and plastic cement. However, these sealants proved inadequate 
and were replaced with gray ducting tape about half way through the exper­
iment . 
Bolts in the chamber bases were passed through holes in the covers to 
attach the covers to the bases. Plastic foam was located where the edges 
of the covers attached to the bases, and the edges of the covers were held 
pressed against the base by an aluminum angle to provide a relatively air­
tight seal. 
Air distribution 
The "open" or flow-through system was used. The air supply for each 
chamber was drawn throu^  a plexiglass box, which contained a filter to 
remove dust and a valve to control the flow. The air was then drawn 
through 6 feet of 4-inch flexible ducting by a blower attached to the con­
duit frame near the top of the chamber. An 8-inch fan was located inside 
the chamber near the air supply inlet to improve circulation within the 
chamber. 
The chamber bases contained outlet holes on the west, south and east. 
The intake boxes were placed on the ground north of each chamber. The 
outlet holes were sized so that about 1/8-inch static pressure was 
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maintained in the chambers. Therefore, if any of the seals were not air­
tight the air would leak from inside the chambers out and this would min­
imize effects on the gas exchange data. 
Flow rate 
The flow rate to a chamber was measured by inserting a Taylor 
windmill anemometer into the intake system between the intake box and the 
4-inch duct. The reduction in air flow due to the anemometer in the sys­
tem was estimated with an Alnor Velometer and the flow rate adjusted ac­
cordingly. However, partial evaluation of the data indicated the flow 
rates were erroneous. Checks of the flow rates with a Hastings Model B-22 
Air-Meter did show the original measurements to be in error. Sections of 
3%-inch plexiglass tubing, part of the air intake system, were sampled 
four times across their diameters at twenty-four locations and the flow 
rates calculated assuming each location represented a certain cross sec­
tional area. These data were used to correct the original flow data. 
Evapotranspiration 
Wet- and dry-bulb thermocouples, constructed of 24-gauge copper-
constantan, were located in the air inlets to each chamber and at one out­
let on each base. The wet bulbs were constructed by wrapping the thermo­
couple junctions with layers of 50-gauge mercerized cotton thread and ex­
tending the threads into reservoirs of water. Prior to installation of 
the thread it was boiled in a dilute soilution of NaOH to increase absor-
bency. All temperatures were recorded by a Honeywell Electronik-16, 
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24-point chart recorder. 
The following is the prediction equation used to calculate vapor pres­
sure (Slatyer, 1967). 
In e° = a + b/l [II 
e° = saturation vapor pressure (mm Hg) 
a and b = constants 
T = temperature in degrees Kelvin (273.2 + ° C) 
For a range of 15° to 40° C the constants were: a = 20.901 and b = 
-5287.88. 
The following is the equation used to compute the absolute vapor pres­
sure (Slatyer, 1967). 
18 K e [2] 
R T 
? = absolute vapor pressure (g • m ^ ) 
e = vapor pressure (mm Hg) 
-2 
K = constant to convert e to dynes • cm 
-1 -1 
R = universal gas constant (erg • mole . degree ) 
T = temperature (°K) 
=2.89 • 10 ^  when e is in mm Hg 
The following is the equation used to compute the évapotranspiration 
(derivation of the equation is given in Appendix A). 
EVTR = [t(TWO-TDO) + [k(TWI-TDI) + e^ | [31 
2^ .2, 
EVTR = évapotranspiration (g H^ O « m • min ) 
3 -1 
F = flow rate (m • min ) 
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2 
A = ground area (m ) 
TWO = temperature (°C) wet bulb in outlet air stream 
TDO = temperature (°C) dry bulb in outlet air stream 
TWI = temperature (°C) wet bulb in inlet air stream 
TDI = temperature (°C) dry bulb in inlet air stream 
T^DO ~ absolute vapor pressure (g - m ) at TDO 
T^DI ~ absolute vapor pressure (g • m ) at TDI 
k = psychrometric constant (0.5 mm Hg • °C 
= saturation vapor pressure (mm Hg) at TWO 
= saturation vapor pressure (mm Hg) at TDO 
T^WI ~ saturation vapor pressure (mm Hg) at TWI 
e^ jjj = saturation vapor pressure (mm Hg) at TDI 
The following is the equation used to calculate the vapor pressure 
deficit of the air within the chamber (derivation of the equation is given 
in Appendix A). 
VPDC = 
rP 
T^DO 
®TDO 
[4] 
VPDC = vapor pressure deficit (g H^ O • m ) of the air within the 
chamber 
TDO = temperature (°C) dry bulb in outlet air stream 
TWO = temperature (°C) wet bulb in outlet air stream 
TDI = temperature (°C) dry bulb in inlet air stream 
C = constant (273.2) to convert °C to °K 
T^DO ~ absolute vapor pressure (g • m ) at TDO 
k = psychrometric constant (0.5 mm Hg * °C ^ ) 
T^DO ~ saturation vapor pressure (mm Hg) at TDO 
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T^WO ~ saturation vapor pressure (mm Hg) at TWO 
The resistance of the leaves to water vapor loss was calculated with 
the following equation (derivation of the equation is given in Appendix 
A). 
= [(VPDC • LAI • 0.6) / EVTR] [5] 
= resistance (sec * cm of the leaves 
VPDC = vapor pressure deficit (g • m ) of the air within the chamber 
-2 -1^  
EVTR = évapotranspiration (g H^ O • m • min ) 
2  — 2  
LAI = m leaf area • m land area 
-1 -1 0,6 = constant to convert units from min • m to sec • cm 
The vapor pressure deficit of the inlet air was calculated with the 
following equation (derivation of the equation is given in Appendix A). 
VPDI = T^DI 
••^ TDI 
kni - [«WI-TDI) + [61 
_3 VPDI = vapor pressure deficit (g H^ O » m ) of inlet air 
TDI = temperature (°C) dry bulb in inlet air stream 
TWI = temperature (°C) wet bulb in inlet air stream 
T^DI ~ absolute vapor pressure (g • m ) at TDI 
T^DI ~ saturation vapor pressure (mm Hg) at TDI 
e^ gg = saturation vapor pressure (mm Hg) at TDO 
k = psychrometric constant (0.5 mm Hg • °C ^ ) 
Leaf temperature 
Leaf temperatures were not measured, therefore, it was assumed the 
chamber outlet air temperatures were close approximations of leaf 
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temperatures. 
ÇOg exchange 
Sample air streams of the inlet and outlet air of the chambers were 
constantly being drawn by vacuum pumps through 3/16-inch Tygon tubing in­
to the instrument truck. The air streams from each chamber passed through 
a switching panel consisting of 3-way solenoid valves. The air streams 
of those chambers not being analyzed at a particular time were exhausted; 
consequently the sample lines were continually purged. The solenoid 
valves were activated by a Beckman Automatic Stream Selector which was 
operated on a five minute time sequence. Hence, all four chambers (var­
ieties) were sampled once each 20 minutes. 
Twelve hundred cc per minute of sample and reference air streams from 
the chamber under analysis were diverted through drying columns of an­
hydrous CaSO^  and into a Beckman IR 215 differential gas analyzer. The 
COg differential was recorded by one circuit of a Honeywell Elcctronik-15 
two pen chart recorder. Appropriate adjustments of the IR 215 signal am­
plification were made so 1-ppm differential was indicated by one division 
of the chart paper. 
Matheson gasses of CO^  in N were used to standardize the gas analyzer, 
and standardization procedures were conducted once each hour. The gasses 
were selected to be within the range of operation of the analyzer. 
The COg exchange (NCE) rates were calculated with the following equa­
tion (derivation of the equation is given in Appendix A). 
NCE  ^ [71 
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-2 -1 
NCE = COg exchange rate (g COg ' m • hr ) 
ACOg = COg differential (ppm) 
F = flow rate 
K = constant (0.053638) 
2 A = land area (m ) 
T = temperature (°K) [(TDI + TDD) / 2 + 273.2° c] 
Days were numbered consecutively after July 2, 1967. Developmental 
gas exchange rates were measured on full canopies on 13 days from day 8 
through day 33. Also, the first day's measurements for each of the de­
foliation trials were with full canopies, and therefore, these data can 
be considered a part of the developmental LAI series. Four defoliation 
trails were conducted and started on days 36, 45, 50 and 57. 
Light measurement 
An Epply pyranometer was mounted atop the instrument truck and used 
to measure solar radiation. These data were recorded by the second cir­
cuit of the 2-pen, Honeywell Electronik-15. 
At solar noon (of each day of a defoliation trial) all chambers were 
opened and light measurements taken to determine the amount of light that 
penetrated the canopy. Thirty measurements were made between the rows of 
each variety with a Weston No. 756 Illumination Meter and the average 
light penetration value calculated for each variety. 
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The 1968 Gas Exchange System 
Chambers 
The chambers covered areas 1-meter by 2-meters (8 rows), were about 
1%-meters high and were positioned with their long axis east and west. 
Figure 1 shows one of the four chambers used in 1968. The plots contained 
fourteen rows; therefore, three rows on the east and west of the cham­
bers were used for border. About 70-cm of plot on the south of the cham­
bers was used as border and about 50-cm on the north. 
The chamber bases were constructed of 1-inch by 10-inch redwood lum­
ber. Strips of galvanized sheet metal were attached to the bases so they 
could be pushed into the soil, and thereby, provide a relatively air-tight 
junction between the chamber bases and the soil. The day the chambers 
were placed in a plot the soil around the base was wetted to facilitate 
pushing the sheet metal into the soil. 
As in 1967, the chamber covers were constructed of 3-mil polyvinyl-
chloride plastic film. To provide support for the plastic chamber covers 
rectangular frames were constructed of %-inch galvanized electricians' 
thinwall conduit, and the frame legs were spring loaded to provide tension 
on the covers. 
Grey ducting tape was used to join the pieces of plastic together in 
the construction of the chamber covers. All splices were made where they 
would fall on conduit or on the north side of the chambers, thereby min­
imizing shadows. 
The bottom edges of the covers were reinforced with ducting tape, and 
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Figure 1. 1968 canopy exchange chamber placed over Hark soybeans showing 
air inlet and mixing fan 
Figure 2. 1968 canopy exchange chambers showing a portion of the intake 
tower, mixing barrel and air distribution 
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grommeted holes were placed in them. Bolts in the bases were passed 
through the holes and attached the covers to the bases. Plastic foam was 
located where the covers attached to the bases and the edges of the covers 
were held pressed to the foam and against the bases by aluminum angles 
providing relatively air-tight seals. 
Air distribution 
The air supply for two chambers was drawn through a common mixing 
tower. Each tower was constructed of 14 feet of 9-inch stove pipe mounted 
atop a 55-gallon barrel. Openings were positioned along the 9-inch pipe 
so that nearly equal amounts of air were drawn into the pipes throughout 
their height. Flaps were left at the openings and were to cause the air 
to swirl as it entered and result in mixing throughout their height. The 
air was further mixed by 8-inch fans located in the barrels. The barrels 
contained filters to remove dust from the air. Two blowers were attached 
to each barrel and each provided air to one chamber. The rate of air 
flow to each chamber was controlled with a damper at each blower. 
From the blowers the air was forced down 6-inch flexible tubing and 
into the upper NE corners of the chambers. Eight-inch fans were located 
inside the chambers, near the tops and on the east ends, to enhance air 
circulation within the chambers. The chamber bases contained outlet holes 
which were sized to give about 1/8-inch static pressure within the cham­
bers. 
The 9-inch stove pipes of the towers and the 6-inch flexible tubing 
were wrapped with aluminum foil and the other parts of the air 
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distribution system were sprayed with aluminum paint to reduce heating of 
the air. The system for two chambers is shown in Figure 2. 
Flow rate 
The flow rate to a chamber was determined with a Hastings Model B-22 
Air-Meter. A 6-inch section of stove pipe was used as the chamber inlet 
and it was sampled across its diameter four times at forty locations. 
The flow rate was calculated assuming each sample point represented a 
certain cross sectional area. Air flow measurements were made three times 
during the testing period and an average of the three for each chamber was 
used for the gas exchange calculations. 
Evapotranspiration 
Wet- and dry-bulb thermocouples were located in the air inlets to 
each chamber and at one outlet on each base and were constructed of 24-
gauge copper-constantan. To damp the response 3/16-inch by 3/8-inch 
pieces of copper were attached over each junction. Initially, the wet 
bulbs were constructed by wrapping the copper tips with 50-gauge mercer­
ized cotton threads, which were attached to cotton shoelaces that served 
as wicks to the water reservoirs. However, under some conditions the 
threads dried out. Therefore, the coverings and wicks were constructed 
of the same cotton shoelace material and this proved satisfactory. The 
thread and shoelaces were boiled in dilute NaOH to increase absorbency. 
All temperatures were recorded by a Honeywell Electronik-16 24-point 
chart recorder. 
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Vapor pressure was calculated by equation [1], absolute vapor pres­
sure by equation [2], évapotranspiration by equation [3], vapor pressure 
deficit of the air within the chamber by equation [4], leaf resistance 
to water vapor loss by equation [5] and vapor pressure deficit of the 
inlet air by equation [6], 
Leaf temperature 
Leaf temperatures were measured by 36-gauge copper-constantan thermo­
couples attached to 24-gauge lead-in. The tips of the 36-gauge material 
were threaded through leaves and held against the undersides with small 
pieces of Scotch brand tape. During the first defoliation trial (week 1) 
leaf temperatures were taken on Hark only and assumed to represent the 
leaf temperatures of all varieties. Thereafter, (weeks 2 through 5) leaf 
temperatues were taken on Hark (they were assumed to represent Blackhawk 
also) and on Provar (they were assumed to represent Lindarin-63 also). 
CO2 exchange 
The COg exchange system was essentially the same as that described 
for 1967 and the rates were calculated with equation [7]. 
Days were numbered consecutively after July 29, 1968. Five defoli­
ation trials were conducted starting on days 1, 5, 13, 21 and 29. Since 
the data on the first day of each series was on a full canopy, these data 
are also classed as developmental LAI exchange data. 
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Light measurements 
The light measurement procedure was essentially the same as that 
described for 1967. However, since twice as many rows were within each 
chamber, 70 measurements were made in each chamber. 
Statistical Treatment of Data 
The gas (COg and water) exchange data were analyzed by multiple re­
gression. The data for 1967 were analyzed separately from the 1968 data. 
In 1967 observations were made on full canopies on 13 days from July 8 
through August 4 and the first day of each defoliation trial (August 7, 
16, 21 and 28). These data were grouped and classed developmental. Four 
defoliation trials were conducted in 1967 and were grouped to form the 
combined defoliation trials. Data from each defoliation trial were an­
alyzed separately as individual defoliation trials. In 1968 observations 
were not made prior to the defoliation trials. Five defoliation trials 
were conducted and the observations on the full canopies were grouped and 
analyzed as developmental data, but the range of lAI's was very narrow 
and the analysis appeared meaningless, consequently, this analysis was 
discarded. The five defoliation trials were grouped to form the combined 
defoliation trials. Data for each defoliation trial were analyzed sepa­
rately as individual defoliation trials. 
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Developmental and combined defoliation trials 
Analysis for varietal effects The basic model used to determine 
differences in exchange rates between Hark (the restricted variety) and 
the other varieties (for 1967: A-lOO, Blackhawk and Rampage; and for 1968: 
Blackhawk, Lindarin-63 and Provar) is of the following form: 
-2 -1 -2 -1 g CO^  • m • hr or g H^ O • m • min = intercept + + BgXg 
+ BgXg + B^ X^  + B^ X^  + BgXg + B^ X^  + BgXg + BgXg + B^ gX^ Q + B^ X^^  ^+ 
B,„X,„ + B.^ X,^  + + B^ gX^ s + B,,X,, + B,,X,, + B,„X,o 4 B, „X 12 12 13 13 16 16 17 17 18 18 19 19 
+ BgQXgQ, where 
= day, 
X_ = A-lOO (1967) or 
Blackhawk (1968), 
Xg = (day) , 
X, = Blackhawk (1967) or 
Lindarin-63 (1968), 
[ 8 ]  
Xc = Rampage (1967) or 
Provar (1968), 
Xg = time. 
Xy = (time) , 
X = (TD0)2 (1967) or 
(TL)^  (1968), 
Xo = TDO (1967) or TL (1968), 
o 
1^0 " 
Xll = (*l) ' 
X^ 3 = (lAI)^ , 
1^5 " 
X = day • TDO (1967) or 
day • TL (1968), 
X^ 2 = LAI, 
=14 = 1?' 
= day • time, 
X^ g = LAI . ly 
X^ g = VPDI and X^ Q = (VPDI)". 
Coding of the variables is as follows: 
TDO = temperature (°C) dry bulb in outlet air stream 
TL = leaf temperature ( C) 
58 
= resistance (sec « cm ) of leaves 
2 -1  
LAI = ra leaf area • m land area 
- 1  ly = langleys • min 
-3 VPDI = vapor pressure deficit (g ™ ) of inlet air stream 
and were not used in the NCE models for either year because 
it was believed was the best term to define water status of the plants. 
2 
Also, including and X^Q in the models did not improve the R s for NCE. 
Additionally, X^  ^was not used in the 1967 EVTR model because it had not 
been punched on the data cards and the stepwise method computed these 
values for the varietal models. Consequently, it was considered not worth 
the cost of repunching the cards for just the overall variety significance 
equations. The models for each separate trial were then reduced, by drop­
ping the varieties, to determine the sums of squares due to varieties and 
the significance of varieties in the models. 
The regression variables, their coefficients and t-values are shown 
in Tables 3 and 4 and Table 34 of Appendix B for 1967 and 1968, respec­
tively. 
Simple correlation matrixes for 1967 developmental, 1967 combined 
defoliation and 1968 combined defoliation variables are shown in Tables 
65, 66 and 67, respectively, of Appendix B. 
The sums of squares, mean squares and F-values due to varieties for 
each period are given in Tables 5 and 35 of Appendix B for 1967 and 1968, 
respectively. 
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Individual variety models The gas exchange rates of the develop­
mental trials for 1967 and the combined defoliation trials for 1967 and for 
1968 were analyzed separately for each variety. The models were generated 
by the stepwise method (Hanson, 1969; Draper and Smith, 1966), The step­
wise procedure starts with the simple correlation matrix and enters into 
regression the variable most highly correlated with the response (NCE and 
EVTR)« Partial correlation coefficients of those variables not in the 
regression model are used to select the variable most highly correlated 
with the response and it is added to the model as the second variable. 
The method then examines the first variable entered to check what its 
contribution would have been had it been entered after the second vari­
able. If its contribution is above the preselected significance level, 
it is retained; however, if its contribution is now below the preset sig­
nificance level, it is rejected. This process is repeated until all of 
the variables in the model are significant at the preset level (30% in 
this study) and all of those not in the model are less significant than 
the present level. The stepwise method was used because it is believed 
that, with proper monitoring, it will objectively produce explanatory 
models with some predictive ability. Objective evaluation of each data 
set was considered an important criterion, in view of the many different 
data sets involved in the study. The basic model used to explain the 
individual varietal responses is of the following form: 
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- 2  -1 -2  . -1 g COg • m " • hr or g H^ O • m ' min = intercept + + BgXg 
+ B^ X^  + B^ X^  + B^ X^  + B^ Xg + B^ X^  + BgXg + B^ Xg + B^ qX^ Q + + 
Bto^ to 1^3^ 13 where 12 12 14 14 
\ = day, 
X^  = time, 
X = TDO (1967) or 
TL (1968), 
=7 = *L' 
Xg = LAI, 
=11 = 1?' 
Xj^ 2 ~ day * time, 
15 15 16 16 17 17' 
Xg = (day) , 
x^  = (time)^ , 
X = (TDO)^  (1967) or 
 ^ (TL)^  (1968), 
3% = 
X^ Q = (lAI)^ , 
1^2 " 
X = day • TDO (1967) or 
day • TL (1968), 
[9] 
X^  ^= LAI • ly, 
X^  ^= (VPDI)^ . 
X.. = VPDI and 
io 
Terms X^  ^and for reasons previously discussed, were not used 
for the NCE models. 
The regression variables, their coefficients, F-values and means are 
shown in Tables 6 through 13 and Tables 36 through 39 of Appendix B for 
1967 and 1968, respectively. 
The values for the variables used to calculate NCE's and EVTR rates 
2 in the 1967 models were across variety means except for TDO, (TDO) , 
2 
and (R^ ) , which were unique variety means. Also, since TDO values were 
unique to each variety, day * TDO values were composed of across variety 
means for day multiplied by each unique variety mean for TDO. Unique 
variety means were used for TDO because this is the temperature of the 
chamber outlet air stream and varieties can affect this value by their 
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transpiration rates. Also, is an estimate of the resistance of the 
leaves to transpiration. Consequently, both TDO and R^  can have biological 
bases which are uniquely related to each variety, and therefore, unique 
variety values were used. 
The values for the variables used in the 1968 models were across va-
2 
riety means except for R^  and (R^ ) , which were unique to each variety. 
During week 1 of 1968 leaf temperature was only taken on one variety and 
the remaining weeks it was taken on two varieties. These temperatures were 
used in the regression models, but since they were not always unique to a 
variety it was decided to use across variety means to calculate the ex­
change rates. 
Sometime after the analyses were completed there arose a question as 
to whether other interaction terms (day • ly, time • TDO or TL, time • LAI, 
LAI • TDO or TL and ly • TDO or TL) should have been tested also. There­
fore, these interactions were tested by adding them to four (two each with 
2 high and lower R s) of the final models. Their addition did not improve 
2 the R s of the models significantly; consequently, they were considered 
unimportant and were not included in the models. 
Individual defoliation trials 
Analysis for varietal effects The basic model used to determine 
the differences in exchange rates between Hark (the restricted variety) 
and the other varieties (for 1967: A-lOO, Blackhawk and Rampage; and for 
1968; Blackhawk, Lindarin-63 and Provar) is of the following form: 
g COg • m ^  • hr ^  or g H^ O • m ^  • min ^  = intercept + + B2X2 
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+ BgXg + + BgXg + B^ X^  + + BgXg + BgXg 4 B^ qX^ Q + B^ X^^  ^+ 
1^2^ 12 •*" ®13^ 13 ®14^ 14 1^5^ 15 ®16^ 16' [10] 
X = A-100 (1967) cr 
Blackhawk (1968), 
X_ = Rampage (1967) or 
Provar (1968), 
X^  = (time) , 
X.^  = (TDO)^  (1967) or 
' (TL) (1968), 
S ' 
X^  ^= (lAI)^ , 
1^3 " 
X^  ^= VPDI and 
X = Blackhawk (1967) or 
Lindarin-63 (1968), 
X^  = time. 
X. = TOO (1967) or 
TL (1968), 
%8 = %L' 
x^ o = UI. 
Xj2 - ly, 
Xj^  = LAI . ly, 
= (VPDI)^ . 
X_ g and X were not. used in the NCE models for either year, and X , 
lb ID ID 
was not used in the EVTR models for 1967. The model was then reduced, by 
dropping varieties to determine the variance due to varieties and the sig­
nificance of varieties in the model. 
The regression variables, their coefficients and t-values are shown 
in Tables 14 through 17 and Tables 40 through 44 of Appendix B for 1967 
and 1968, respectively. The analysis of variance for each period are 
shown in Table 5 (1967) and Table 35 (1968) of Appendix B. 
Individual variety models The gas exchange rates were analyzed 
for each variety within each defoliation trial (week) for 1967 and 1968. 
These models were generated by the stepwise method outlined previously 
and are of the following form: 
63 
g COg • m ^  * hr  ^or g H^ O 
-2 -1 
m • min = intercept + + BgXg 
+ B^X^ + B,X, + BRXR + B^X^ + B,X, + B„X„ + B„X„ + B,„X,„ + B,,X 3 3 4 4 5'5 6 6 
® 12^ 12 ®13^ 13' where 
X^  = time, 
X = TOO (1967) or 
TL (1968), 
7 7 8 8 9 9 10 10 11 11 
Xg = (time) , 
X = (TDO)^  (1967) or 
(TL) (1968), 
[111 
=6 = (*1? ' 
Xg = (LAI)^ , 
\o = 
X^ g = VPDI and 
*5 = *L' 
X^ = LAI, 
Xg = ly, 
= LAI • ly, 
X^G = (VPDI)^. 
X^ 2 and Xj^ 2 were not used in the NCE models. The regression variables. 
their coefficients, F-values and means are shown in Tables 18 through 33 
and Tables 45 through 64 of Appendix B for 1967 and 1968, respectively. 
The values for the variables used to calculate NCE and EVTR in the 1967 
2 2 
models were across variety means except for TDD, (TDD) , and (R^ )^ for 
the reasons discussed previously. The values for the variables used to 
calculate NCE and EVTR in the 1968 models were across variety means except 
for R and (R ) for the reasons discussed previously. 
L L 
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RESULTS 
1967 Gas Exchange 
Figures 3 and 4 show the differences in exchange between Hark (the 
restricted variety) and A-lOO, Blackhawk and Rampage for net carbon ex­
change (NCE) and évapotranspiration (EVTR) for the developmental trial 
(dev), the combined defoliation trials (def) and the individual defoli­
ation trials (weeks 1, 2, 3 and 4). 
Equation [8] was used to determine the coefficients of the variables 
for NCE and EVTR models for the developmental trial and the combined defo­
liation trials. The variables, their coefficients and t-values are shown 
in Tables 3 and 4 of Appendix B for developmental and defoliation, respec­
tively. 
Equation [10] was used to determine the coefficients of the variables 
for the NCE and EVTR models for the individual defoliation trials. The 
variables, their coefficients and t-values are given in Tables 14, 15, 16 
and 17 of Appendix B. 
Table 5 of Appendix B shows that varieties accounted for a significant 
(at the 1% level) portion of the variance for both the NCE and EVTR models 
for all periods except EVTR for week 1, ^ en the significance was at the 
57c, level; consequently, varieties were analyzed separately. 
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Developmental 
Gas exchanges were measured on full canopies on 13 days from July 10 
through August 4, plus August 7, 16, 21 and 28. Equation [9] was used to 
produce the models for NCE and EVTR. The variables, their coefficients, 
F-values and means are shown in Tables 6, 7, 8 and 9 of Appendix B, and 
were the values used to calculate the exchange rates, except as noted in 
the figure captions. Figures 5 and 6 show the NCE's at 0.3 and 1.2 lang-
leys, respectively, and Figures 10 and 11 show the EVTR rates at 0.3 and 
1.2 langleys, respectively, for the various LAI's exhibited by each vari­
ety. 
All varieties exhibited nearly linear increases in NCE's with increas­
ing LAI's except Rampage at both solar flux densities and A-lOO at 0.3 lang 
ley. At 1.2 langleys Rampage exhibited its maximum NCE near its maximum 
LAI, 6.0. At 0.3 langley NCE was a maximum at an LAI of about 4.2, Con­
sequently, it could be proposed that Rampage exhibits a critical leaf area 
at 1.2 langleys and an optimum leaf area at 0.3 langley. Shibles and Weber 
(1965) concluded soybeans represent a critical leaf area crop, because leaf 
area beyond that necessary for maximum rate of dry matter production did 
not result in a reduction in dry matter production. However, Ojima and 
Fukui (1966a) reported that crop growth rate declined after reaching a 
peak, and they concluded soybeans represent an optimum leaf area crop. 
Mean solar flux density for this period was 0.84 langley. Therefore, 
a mean NCE curve would lie somewhat above the mean of the 0.3 and 1.2 lang­
leys curves, and at mean solar flux density the decline in NCE of Rampage 
at the higher LAI's would probably not be significant. Consequently, I 
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"igure 5. 1967 developmental NCK's at 0.3 langley for A-lOO (A), Black-
hawk (B), Hark (10 and Rampage (R). Variable values used: 
day = 27.5, (day)- = 967.8, time = 14.5, (time)^  = 216.35, 
(day • time) = 397.3 and (day • TDO) = 822.3 (A), 830.5 (B>, 
833.3 iH) and 827.8 (R). LAI ranges are: A =2.8 -6.3, B -
2.7 - 6.1, H = 2.1 - 5.6 and R = 2.7 - 6.0 
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Figure 6. 1967 developmental NCE's at 1.2 langleys for A-lOO (A), Black-
hawk (B), Hark (H) and Rampage (R)„ Variable values used: 
day = 27.5, (day) = 967.8, time = 14.5, (time)^  = 216.35, 
(day • time) = 397.3 and (day » TDO) = 822,3 (A), 830.5 (B), 
833.3 (H) and 827.8 (R). LAI ranges are: A = 2.8 - 6.3, B = 
2.7 - 6.1, H = 2.1 = 5.6 and R = 2.7 - 6.0 
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propose the Rampage data support the concept of soybean as a critical leaf 
area crop, and the data for the other varieties certainly support this 
concept. 
The maximum lAl's occurred on the following days: Rampage = day 30 -
36, Blackball = day 30 and 45, A-lOO = day 45 and Hark = day 50. Conse­
quently, maximum leaf area of Rampage occurred prior to the development of 
the maximum reproductive sink, which probably occurred after day 45 (Hansen, 
unpublished data). Ghorashy et al. (1970) noted increased NCE's of soy­
bean leaves during pod filling. Hansen (1970) reported increased canopy 
NCE during the third week of August, and Roller et al. (1970) reported 
increased RGR, CGR and NAR during mid-August. Consequently, maximum leaf 
area production by Rampage is out-of-phase with maximum need for photosyn-
thate by the reproductive sink. Whereas, leaf production is more nearly 
in-phase for the other varieties and may explain partially the linearity 
of their lAI-NCE responses. 
Figure 3 shows NCE of Hark to be significantly greater than the NCE's 
of the other varieties. However, it must be noted that the method of an­
alysis depicted in Figures 3 and 4 (also. Figures 44 and 45) forces all 
varieties into the same model (Equation [8]) and may not result in the 
same relationships as those shown when each variety has its own model, as 
in Equation [9]. Figure 6 shows NCE's of Hark to be greater than those of 
A-lOO and Blackhawk at all LAI's and greater than NCE's of Rampage at LAI's 
greater than 4. Figure 5 shows NCE's of Hark to be greater than those 
of Blackhawk, less than those of A-lOO when lAl's are less that 4.4 and 
less than those of Rampage \rtien LAl's are less than 4.7. Consequently, 
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means composed of both solar flux densities and for the entire period prob­
ably would show Hark with the greatest NCE. Therefore, it is probably 
within expectation that comparisons between the two types of models are 
valid, but exceptions are to be expected also. 
Figure 7 shows the varietal NCE responses to day. Hark exhibited a 
linear decrease in NCE throughout the period, and the other varieties ex­
hibited slight increases in NCE's until midway through the period and then 
they show a more rapid decline than Hark. Consequently, if day had been 
varied to better illustrate seasonal effects, when the data points were 
calculated for Figures 5 and 6, the Hark curves would have started at high­
er NCE's and ended at lower NCE's than shown, but still would have been 
linear; whereas, the curves for A-100 and Blackhawk would have been less 
linear and the curves for Rampage even more quadratic. The effect of day 
may have been due to shaded, older leaves comprising a higher proportion 
of the canopy compared to younger leaves later in the period. Kumura and 
Naniwa (1965) have shown NCE to decrease with leaf age. On the other hand, 
Beuerlein and Pendleton (1970a, 1970b) reported older leaves with NCE's as 
high as younger leaves, if the older leaves had not been subjected to shad­
ing. Consequently, it would seem that it is necessary to stipulate shaded, 
older leaves in contrast to simply older leaves. 
The trends in NCE's for time of day are shown in Figure 8 for the va­
rieties. A-lOO has a linear decreasing NCE as time increases, whereas the 
other varieties have slightly quadratic responses. However, the quadratic 
responses are slight and the significance would be questionable. 
NCE declines during the day are generally attributed to slight stomatal 
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Figure 7. Day effect upon 1967 developmental NCE's of A-lOO (A), Black-
hawk (B), Hark (H) and Rampage (R). Variable values used: 
time = 14.5, (time)^  = 967.8, LAI - 4.51, (LAI)^  = 21.811, ly 
0.84, (ly) = 0.8208 and (lAI • ly) « 4.6758. Day range = 8 -
56 and day 1 = July 3, 1967 
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t'igure 8. lime of day effect upon 1967 developmental NCR's of A-lOO (A), 
Ulackhawk (B), Hark (H) and Rampage (R). Variable values used; 
day = 27.5. (day)? = 967.8, LAI = 4.51, (LAI)? = 21.811, ly = 
0.84, (ly)? = 0.8208, (day • TOO) = 822.3 (A), 830.5 (B), 833.3 
on and 827.8 (R) and (LAI • ly) = 4.6758. Time of day range 
= 900 - 1800 hours CST 
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closure, product inhibition and/or reduced ambient CO^  concentration. 
Table 65 of Appendix B shows time to be correlated with leaf resistance 
(r = 0.27) and leaf resistance is correlated with NCE (r = -0,62). Sig­
nificance of simple correlation coefficients at the VL level with error df 
of 1000 and 4 independent variables is r = 0.115. Therefore, I estimate 
an r = 0.18 would be significant at the VL level in this study, however, 
correlation coefficients must be considered carefully when they are eval­
uated. Leaf resistance was held constant in the models, but had it been 
allowed to increase with time the reduction in NCE's would have been great­
er. Product inhibition seems to be a nebulous condition which is not well 
accepted. And, ambient CO^  concentrations were not measured. Consequently, 
precise identification of the cause(s) of the reduced NCE's with respect 
to time is not possible. However, I suspect reduced ambient CO^  concen­
tration, but I do not exclude product inhibition. 
Figure 9 shows the varietal NCE responses to air temperature. Hark 
exhibited a slight linear increase in NCE as temperature increased, but 
the increase is probably not significant. Blackhawk and Rampage exhibited 
linear decreasing NCE's as temperature is increased and A-lOO exhibited a 
slightly quardatic temperature response. I propose that the decreasing 
NCE of Rampage is probably the only significant varietal response to in-
2 
creasing temperature. However, the R for the Rampage model is not very 
good, therefore, its true response may not be different from those of the 
other varieties, 
EVTR rates (Figures 10 and 11) for Hark and Rampage are linear with 
respect to LAI at both solar flux densities. However, EVTR of Hark is 
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Figure 9, Air temperature effect upon 1967 developmental NCE's of A-lOO 
(A), Blackhawk (B), Hark (H) and Ras^ age (R), Variable values 
used: day • 27.5, (day) = 967,8, time • 14.5, (time)^  • 216.35, 
LAI = 4.51, (lAir - 21.811, ly - 0.84, (ly)^  - 0.8208, (day • 
time) * 397.3 and (lAI • ly) • 4.6758. Air temperature range * 
24 - 36 °C 
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Figure 10. 1967 developmental EVTR rates at 0,3 langley for A-lOO (A), 
Blackhawk (B), Hark (H) and Rampage (R), Variable values used: 
day "= 27.5, (day)^  = 967.8, time = 14.5, (time)^  = 216.35, 
(day • time) » 397.3, (day . TDO) - 822.3 (A), 830.5 (B), 
833.3 (H) and 827.8 (R), VPDI - 11.85 and (VPDI)^  « 157.87. 
LÂI ranges are: A = 2.8 - 6.3, B « 2.7 - 6.1, H - 2.1 - 5.6 
and R * 2.7 - 6.0 
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Figure 11. 1967 developmental EVTR rates at 1,2 langleys for A-lOO (A), 
Blackhawk (B), Hark (H) and Razgiage (R). Variable values used: 
day = 27.5, (day)^  = 967.8, time = 14.5, (time)^  = 216.35, 
(day . time) = 397.3, (day • TDO) = 822.3 (A), 830.5 (B), 
833.3 (H) and 827.8 (R), VPDI = 11.85 and (VPDI)2 = 157.87. 
LAI ranges are: A = 2.8 - 6.3, B = 2.7 - 6.1, H = 2.1 - 5.6 
and R = 2.7 - 6.0 
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constant regardless of LAI; whereas, EVTR of Rampage increased with in­
creasing LAI. Both Blackhawk and A-lOO have quadratic responses in EVTR 
rates to increasing LAI's. However, at high solar radiation the rates in­
crease with increasing LAI's, but they decrease at low solar radiation 
with increasing LAI. 
Figures 10 and 11 show all varieties exhibited increases in EVTR rates 
with solar radiation increases. Table 65 of Appendix B shows solar radi­
ation is correlated with leaf resistance (r = -0.23), vapor pressure defi­
cit (r = 0.15) and air temperature (r = 0.44). Consequently, if values for 
leaf resistance, vapor pressure deficit and air temperature had been used 
that more adequately represent their interaction with solar radiation the 
EVTR responses to solar radiation would have been greater. But, these 
values were held constant, therefore, the response to solar radiation is 
the response to energy available for evaporation and transpiration. Also, 
the increase in solar radiation would result in more energy in the near-
infrared being transmitted through the leaves to reach the soil surface 
and result in increased evaporation from the soil surface (Lemon (1966)). 
Figure 4 shows EVTR for Hark is not significantly different from that 
of A-lOO or Rampage, but Blackhawk has greater EVTR than Hark. Figures 8 
and 9 do not show these relationships; however, as discussed previously 
disagreement between these models is likely to occur. 
The plots were flooded on day 15 (7/17/67), day 43 (8/14/67) and those 
to be used in the last trial were watered prior to that trial. Consequently, 
the soil moisture status was probably high over the majority of the time 
these data were taken, and nearly constant or increasing EVTR, with respect 
79 
to LAI, are not unlikely. Rampage exhibits substantially increased EVTR 
with increased LAI, which may be due to the rate of leaf development, as 
previously discussed, and/or canopy structure. 
Figure 12 shows the EVTR responses to day. A-lOO and Blackhawk ex­
hibited increased EVTR rates until midway through the period. Hark's EVTR 
essentially decreased throughout the period. Tables 6,7,8 and 9 of Ap­
pendix B show that the linear "day" term was retained and highly signif­
icant in Rampage's equation. The linear "day" term was also retained in 
Hark's equation, although its significance was less than in Rampage's 
equation. Consequently, the responses shown for A-lOO, Blackhawk and Hark 
2 
are primarily or solely due to (day) , (day • air temperature) and (day • 
time). However, I fail to find a good reason for a day response that would 
not be accounted for in the model, unless it is an interaction with LAI, 
because they are correlated (r = 0.66). 
Figure 13 shows nearly linear and constant EVTR responses to time of 
day for all varieties. I would predict an increase in EVTR in the mid-
afternoon due to increased vapor pressure deficit; however, it seems that 
a diurnal plant water deficit may have developed and resulted in partial 
stomatal closure which offset the increased demand and resulted in nearly 
constant EVTR with respect to time. Table 65 of Appendix B shows time of 
day and leaf resistance are correlated (r = 0.27) and time and vapor pres­
sure deficit are correlated (r = 0.13). Therefore, although leaf resis­
tance and vapor pressure deficit are in the equations their interactions 
with time could result in the proposed explanation. 
Figure 14 shows the varietal EVTR responses to increased air 
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Figure 12. Day effect upon 1967 developmental EVTR rates of A-lOO (A), 
Blackhawk (B), Hark (H) and Rampage (R). Variable values used: 
time 14.5, (time)2 - 216.35, lAI = 4.51, (lAI)^  - 21.811, ly = 
0.84, fly)2 = 0.8208, (LAI • ly) - 4.6758, VPDI - 11.85 and 
(VPDI) « 157.87. Day range «8-56 and day 1 • July 3, 1967 
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Figure 13. Time of day effect upon 1967 developmental EVTR rates of A-lOO 
(A), Blackhawk (B), Hark (H) and Rampage (R). Variable values 
used: day - 27.5, (day)^  = 967.8, LAI » 4.51, (LAI)^  = 21.811, 
ly = 0.84, (ly)2 = 0.8208, (day • TDO) = 822.3 (A), 830.3 (B), 
833.3 m and 827.8, (LAI • ly) = 4.6758, VPDI = 11.85, 
(VPDI) = 157.87. Time of day range = 900 - 1800 hours CST 
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Figure 14. Air temperature effect upon 1967 developmental EVTR rates of 
A-lOO (A), Blackhawk (B), Hark (H) and Rampage (R). Variabli 
values used: day = 27.5, (day)^  = 967.8, time = 14.5, (time) 
= 216.35, LAI = 4.51, (JAI)^  = 21.811, ly = 0.84, (ly)2 = 
0.8208, (day • titae) = 397.3, (lAI • ly) - 4.6758, VPDI = 
11.85 and (VPDI) = 157.87. Air temperature range = 24 -
36 °C 
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temperature. The varietal responses are probably not different and are 
what would be expected. Increased solar radiation generally results in 
increased air temperature; consequently, if air temperature was varied to 
more adequately represent that which occurs at the two solar flux densi­
ties, the EVTR responses to solar radiation would likely be greater than 
those shown in Figures 10 and 11. 
Combined defoliation trials 
Equation [9J was used to produce the NCE models for the combined de­
foliation trials. The variables, their coefficients, F-values and means 
are shown in Tables 10, 11, 12 and 13 of Appendix B and these were the 
values used to calculate the exchange rates, except as noted in the figure 
captions. Four defoliation trials were conducted during August. The NCE's 
are shown in Figures 15 and 16 for 0.3 and 1.2 langleys, respectively, over 
the various LAI's exhibited by each variety. 
Figure 3 shows NCE of Hark to be significantly greater than the other 
varieties and this relationship also is shown in Figure 16. However, if 
the full LAI range is considered in Figure 15, there probably isn't much 
difference between the varieties at 0.3 langley. 
The curves for Hark and Rampage both show increases in NCE's at both 
solar flux densities when the LAI's are reduced from their maximum. This 
could be due to the removal of leaves below their compensation point and/ 
or an increased sink-source ratio. Also, Meidner (1969, 1970a) and Wareing 
et al. (1968) have reported increased NCE of Phaseolus four and three days 
after partial defoliation, Meidner measured reduced stomatal resistance 
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Figure 15. 1967 combined defoliation NCE's at 0.3 langley for A-lOO (A), 
Blackhawk (B), Hark (H) and Rampage (R). Variable values 
used: day = 48.9, (day) = 2452.9, time = 13.7, (time) = 
193.48, (day • time) = 669.9, (day • TDO) =» 1339.9 (A), 
1349.6 (B), 1339.9 (H) and 1344.8 (R). lAI ranges: A -
0.4 - 6.3, B = 0.4 - 5.9, H = 0.8 - 5.6 and R = 0.6 - 6.0 
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Figure 16. 1967 combined defoliation NCE's at 1.2 langleys for A-lOO (A), 
Blackhawk (B), Hark (H) and Rampage (R). Variable values 
used: day = 48.9, (day)^  = 2452.9, time = 13.7, (time)^  = 
193.48, (day • time) = 669.9, (day . TDO) - 1339.9 (A), 
1349.6 (B), 1339.9 (H) and 1344.8 (R). LAI ranges: A = 
0.4 - 6.3, B = 0.4 - 5.9, H = 0.8 - 5.6 and R = 0.6 - 6.0 
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and attributed the increased NCE to the reduction in stomatal resistance; 
whereas, Wareing et al. reported increased RuDP (ribulose diphosphate) car­
boxylase activity in the remaining leaves and attributed the increase in 
NCE to the increased carboxylating enzyme activity. Although these report­
ed increases in NCE resulting from partial defoliation are attributed to 
different causes, it is certainly possible that both supposed causes could 
occur in both cases. Consequently, they are attractive proposed reasons 
for the increased NCE's due to partial defoliation shown in Figures 15 and 
16, but the responses shown here were measured one and sometimes two days 
after partial defoliation and it may be questionable if the above conditions 
could develop that rapidly. However, until shown not to occur they should 
not be ruled out. 
Figure 17 shows the day effect on NCE's of the varieties for the de­
foliation trials. The curves for A-lOO and Blackhawk are nearly linear 
and decrease throughout the period, whereas, those for Hark and Rampage 
increase to midway through the period and then decrease. As previously 
pointed out, the maximum reproductive sink probably occurred about mid­
way through this period. A-lOO, Blackhawk and Hark attained maximum LAI's 
about midway through the period, and for Rampage it occurred prior to this 
period. Consequently, I propose the increased NCE of Rampage is due to 
increasing sink and reduced source. The maximum leaf area for Hark is 10 
to 16% less than for the other varieties. Consequently, although Hark's 
leaf area was still increasing, the sink effect would have been high. 
A-lOO and Blackhawk had higher LAI's and intermediate exchange rates. 
Therefore, they did not exhibit increases in NCE's due to increased sink. 
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Figure 17. Day effect upon 1967 combined defoliation NCE's of A-lOO (A), 
Blackhawk (B), Hark (H) and Rampage (R). Variable values 
used: time = 13.7, (time)^  = 193.48, LAI = 2.51, (LAI)^  = 9.04, 
ly = 0.82, (ly)2 = 0.7989 and (LAI • ly) = 2.0273. Day range 
=36-60 and day 1 = July 3, 1967 
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Figure 18 shows the effect of time of day and Figure 19 shows the 
effect of air temperature upon NCE's of the varieties. The effects are 
minimal. However, it should be noted that Hark has the highest exchanges 
at all hours and temperatures. 
Equation [9] was used to produce the EVTR models for the combined de­
foliation trials. The variables, their coefficients, F-values and means 
are shown in Tables 10, 11, 12 and 13 of Appendix B, and these were the 
values used to calculate the exchange rates, except as noted in the table 
captions. 
Figure 4 shows EVTR of Hark is significantly greater than the other 
varieties. Figures 20 and 21 show EVTR of Hark to be greater than those 
of the other varieties at both solar flux densities at LAl's of 3 or great­
er. However, at lAl's of less than 3, EVTR rates of Hark and Rampage are 
similar. EVTR of A-100 is increased more by increasing solar radiation 
2 than EVTR rates of the other varieties, but the R for A-lOO is less than 
2 
the R s of the other varieties. Therefore, the greater increase by A-lOO 
may be an artifact of the model. As discussed previously, increased EVTR 
rates in response to increased solar radiation are due to increased energy 
for EVTR impinging upon the leaves and soil. 
Figure 22 shows the day effect on EVTR rates. EVTR of A-lOO is linear 
and constant regardless of day, whereas EVTR rates of Blackhawk and Hark 
are nearly linear and slightly decreasing, EVTR of Rampage is nearly linear 
and decreases most rapidly. Except for Rampage, the varieties essentially 
exhibited lack of responses to day. LAI of Rampage decreased throughout 
this period; consequently, there may be confounding between LAI and day. 
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Figure 18. Time of day effect upon 1967 combined defoliation NCE's of 
A-lOO (A), Blackhawk (B), Hark (H) and Rampage. Variable 
values used: day = 48.9, (day)^  = 2452.9, LAI = 2.51, (lAI)^  
= 9.040, ly = 0.82, (ly)2 = 0.7989, (day • TDO) = 1339.9 (A), 
1349.6 (B), 1339.9 (H) and 1344.8 (R) and (LAI • ly) = 2.0273. 
Tine of day range = 900 - 1800 hours CST 
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Figure 19. Air temperature effect upon 1967 combined defoliation NCR's of 
A-lOO (A), Blackhawk (B), Hark (H) and Rampage (R). Variable 
values used: day = 48.9, (day) * 2452,9, time = 13.7, (time)^  
= 193.48, LAI = 2.51, (LAI)^  = 9.040, ly = 0.82, (ly)2 = 0.7989, 
(day • time) * 669.9 and (lAI • ly) = 2.0273. Air temperature 
range =24-36 °C 
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Figure 20. 1967 combined defoliation EVTR rates at 0.3 langley for A-lOO 
(A), Blackhawk (B), Hark (H) and Rampage (R). Variable values 
used: day • 48,9, (day) » 2452.9, time * 13.7, (time) = 
193.48, (day • time) = 669.9, (day • TDD) * 1339.9 (A), 
1349.6 (B), 1339.9 (H) and 1344.8 (R), VPDI « 10.39 and 
(VPDI)2 = 125.80. LAI ranges: A = 0,4 - 6,3, B = 0.4 -
5.9, H • 0.8 - 5.6 and R = 0.6 - 6.0 
E V T R  1 9 6 7  
14 
12 
E 10 
CO 8 
• 6 
O 
CM 
X 4 
O) 
0 
A 
— B 
— H 
— R 
R' 
.80 
•92 
•91 
•92 
3 4 
L A  I  
7 
Figure 21. 1967 combined defoliation EVTR rates at 1.2 langleys for A-lOO 
(A), Blackhawk (B), Hark (H) and Rampage (R). Variable values 
used: day • 48,9, (day)^  » 2452.9, time " 13.7, (time)^  = 
193.48, (day • time) - 669.9, (day • TDO) - 1339.9 (A), 
1349.6 (B), 1339.9 (H) and 1344.8 (R), VPDI = 10.39 and 
(VPDI)2 = 125.80. LAI ranges: A « 0.4 -6.3, B = 0.4 -
5.9, H = 0.8 - 5.6 and R = 0.6 - 6.0 
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Figure 22. Day effect upon 1967 combined defoliation EVTR rates of A-lOO 
(A), Blackhawk (B), Hark (H) and Rampage (R). Variable values 
used: time « 13,7, (time)2 -193.48, LAI « 2.51, (LAI)^  - 9.04, 
ly - 0.82,2(ly) - 0.7989, (lAI • ly) - 2.0273, VPDI = 10.39 
and (VPDI) = 125.80. Day range * 36 - 60 and day 1 * July 
3, 1967 
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whereby day may show effects that should be attributed to LAI. Table 66 
of Appendix B shows a correlation (r = -0.42) between LAI and day. 
Figure 23 shows the time of day effects on EVTR rates, which are 
greater than those of the developmental period shown in Figure 13. There 
are reduced EVTR rates for A-lOO and Rampage between 1200 and 1400 hours 
and a slight reduction in EVTR for Hark at about 1600 hours. Blackhawk 
exhibits constant EVTR with respect to time. Table 66 of Appendix B shows 
correlations between time of day and leaf resistance (r = 0.28) and vapor 
pressure deficit (r = 0.39). Consequently, their interactions with time 
of day may show in the time of day effect. 
Figure 24 shows the EVTR responses to air temperature. Blackhawk, 
Hark and Rampage exhibit increased EVTR rates in response to increased air 
temperature, which are the expected responses. However, A-lOO exhibits 
2 decreases in EVTR as temperature increases. The R of A-lOO is not very 
good; consequently, the response shown for A-lOO may not be the true re­
sponse. 
Defoliation week 1 
Equation [11] was used to produce the NCE and EVTR varietal models for 
week 1. The variables, their coefficients, F-values and means are shown in 
Tables 18, 19, 20 and 21 of Appendix B, and these were the values used to 
calculate the exchange rates, except as noted in the table captions. Fig­
ure 25 and 26 show the NCE relationships of the varieties at 0.2 and 1.2 
langleys, respectively, and Figure 28 shows the EVTR relationships at 0.3 
and 1.2 langleys. 
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Figure 23. Time of day effect upon 1967 combined defoliation EVTR rates 
of A-lOO (A), Blackhawk (B), Hark (H) and Rampage (R). Vari­
able values used: day = 48,9, (day) = 2452,9, LAI = 2.51. 
(LAI)^  « 9.040, ly = 0.82, (ly)^  - 0.7989, (day • IDG) = 
1339.9 (A), 1349.6 (B), 1339.9 (H) and 1344.8 (R), (lAI • 
ly) = 2.0273, VPDI = 10.39 and (VPDI)^  = 125.80. Time of 
day range - 900 - 1800 hours CSX 
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Figure 24. Air temperature effect upon 1967 combined defoliation EVTR 
rates of A-lOO (A), Blackhawk (B), Hark (H) and Rampage (R). 
Variable values used: day = 48,9, (day)^  = 2452.9, time = 
13.7, (time)2 - 193.48, LAI = 2.51, (LAI)2 = 9.040, ly = 
0.82, (ly) • 0.7989, (day • tl^ ) = 669.9, (LAI • ly) = 
2.0273, VPDI - 10.39 and (VPDI)^  = 125.80. Air temper­
ature range =24-36 °C 
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Figure 25. 1967 defoliation week 1 NCE's at 0.3 langley of A-lOO (A), 
Blackhawk (B), Hark (H) and Rampage (R). Variable values 
used: time = 13.4 and (time) = 186,11. lAI ranges: A = 
1.7 - 6.0, B = 1.5 - 5.6, H « 1.2 - 4.8 and R = 1.5 - 6.0 
98 
NC E 1967 
10 
8 
0 
R' 
A -97 
B -94 
H .89 
R .89 
3 4 
L A  I  
7 
Figure 26. 1967 defoliation week 1 NCE's at 1.2 langleys of A-lOO (A), 
Blackhawk (B), Hark (H) and Rampage (R). Variable values 
used: time = 13.4 and (time)^  = 186.11. LAI ranges: A * 
1.7 - 6.0, B = 1.5 - 5.6, H - 1.2 - 4.8 and R = 1.5 - 6.0 
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At 0.3 langley all varieties show maximum NCE's at less than maximum 
LAI's. A-lOO and Rampage exhibit this same relationship at 1.2 langley; 
however, Blackhawk and Hark do not. It might be suggested that the canopy 
structures of A-lOO and Rampage are different from the structures of Hark 
and Blackhawk; however, light attenuation equations were calculated, and 
the slopes of the regression lines relating InCl/lg) and LAI are not sig­
nificantly different (Figure 27). The conditions under which light measure­
ments were taken were not desirable. Often, there were clouds which inter­
mittently obscured the sun and interfered with the light readings. Conse­
quently, it is possible the extinction coefficients were different, but 
the conditions were such that this relationship could not be established. 
The NCE data do show that the LAI's necessary for maximum NCE's at low 
solar radiation may be quite different from those necessary for maximum 
NCE's at high solar radiation. 
Figure 3 shows NCE's of A-lOO and Blackhawk are significantly (57 
level) greater than NCE of Hark, and NCE of Rampage is significantly (1"' 
level) less than that of Hark. Figures 25 and 26 show this relationship 
for A-lOO and Blackhawk, but they also show that NCE's of Rampage to be 
greater than those of Hark at equal LAI's. However, NCE of Rampage at its 
maximum LAI is considerably less than that of Hark at its maximum LAI at 
both solar flux densities, and this may have resulted in Hark having 
greater NCE's over the whole period. 
Figure 28 shows EVTR rates to be the same for all varieties at both 
solar flux densities, and slightly increased with reductions in LAI's 
below the varietal maximum. 
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Figure 27. Canopy light extinction of A-lOO (A), Blackhawk (B), Hark (H) 
and Rampage for week 1 of 1967 
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Figure 28, 1967 defoliation week 1 EVTR rates at 0.3 langley of A-lOO 
(A), Blackhawk (B), Hark (H) and Rampage (R). Variable values 
used: time - 13.4, (time)2 = 186.11, VPDI =7.78 and (VPDI)^  
= 66,13. LAI ranges: A = 1.7 - 6.0, B " 1.5 - 5.6, H = 
1.2 - 4.8 and R = 1.5 - 6.0 
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Tables 18, 19 20 and 21 show that solar radiation, its squared term 
and its interaction term with LAI were eliminated from all of the models. 
The plots were flooded following this trial and the leaf resistance terms 
were highly significant in all of the models; therefore, it might be sug­
gested that the plants were under some moisture stress during this trial. 
However, the leaf resistance values were all rather small (0.88 to 1.76 
sec .cm ), Consequently, moisture stress would seem doubtful. The 
mean chamber outlet air temperatures were all rather low for week 1 (25.1 
to 26.5 °C). Therefore, the period was cool and the same EVTR rates at 
0.3 and 1.2 langleys seems reasonable. 
Meidner (1969, 1970a) reported increased stomatal conductance (l/rg) 
for Phaseolus vulgaris four days after partial defoliation. Figure 28 
shows increased EVTR rates following reductions in LAI's. However, the 
measurements depicted in Figure 28 were one and two days following partial 
defoliation and stomatal resistances were not measured. However, leaf 
resistances (1.94 to 2,71 sec • cm for the undefoliated plants (de­
velopmental trial) are greater than leaf resistances (1.2 to 1.63 sec • 
cm ^ ) for the partially defoliated plants (combined defoliation trials) 
Therefore, it may seem rather tenuous to suggest increased stomatal con­
ductance of the remaining leaves, but it certainly is within the realm of 
possibility. 
Stevenson and Shaw (1971a) have proposed that preferential flow of 
water to the upper leaves of a soybean canopy occurs. Nevertheless, some 
water must go to the lower leaves, and if water is somewhat limited the 
water which goes to the lower leaves is not available to the upper, higher 
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transpiring leaves. Therefore, with partial defoliation and limited water, 
the water that would normally go to the lower leaves would be available to 
the area of the canopy with higher transpiration, and this may result in 
increased EVTR rates with removal of lower leaves. 
Figure 28 does not show the same varietal relationships in EVTR rates 
as shown in Figure 4 between Hark, Blackhawk and A-100. However, as point­
ed out previously this is within expectation. 
Defoliation week 2 
Equation [11] was used to produce the NCE and EVTR models for week 2. 
The variables, their coefficients, F-values and means are shown in Tables 
22, 23, 24 and 25 of Appendix B, and these were the values used to calc­
ulate the exchanges, except as noted in the figure captions. Figures 29 
and 30 show the NCE relationships at 0.3 and 1.2 langleys, respectively, 
and Figures 32 and 33 show the EVTR relationships at 0.3 and 1.2 langleys, 
respectively. 
Figure 29 shows definite optimum leaf area effects, whereas Figure 30 
does not. Consequently, Figures 29 and 30 are striking illustrations of 
the changes that can occur in one day in the leaf areas necessary to give 
maximum NCE's, depending upon solar flux density. 
Figure 3 shows NCE's of Hark and A-100 to be not different and those 
of Blackhawk and Rampage to be significantly (17» level) less than Hark. 
However, Figure 30 shows not much difference in NCE's of Hark and Black­
hawk and lower rates for A-100 and Rampage, 
Figure 31 shows the slopes of the regression lines relating InCl/lg) 
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Figure 29. 1967 defoliation week 2 NCR's at 0.3 langley of A-lOO 
(A), Blackh&wk (B), Hark (H) and Rampage (R). Variable values 
used: time = 14.1 and (time)2 = 205,90. LAI ranges: A = 
0.9 - 6,3, B = 0.7 - 5.9, H = 0.9 - 5.2 and R = 0.6 - 5.3 
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Figure 30. 1967 defoliation week 2 NCE's at 1,2 langleys of A-100 (A), 
Blackhawk (B), Hark (H) and Rampage (R). Variable values 
used: time = 14.1 and (time)^  = 205,90. LAI ranges; A = 
0.9 - 6.3, B = 0.7 - 5.9, H = 0.9 - 5.2 and R - 0.6 - 5.3 
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Figure 31. Canopy light extinction of A-lOO (A), Blackhawk (B), Hark 
and Rampage for week 2 of 1967 
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to LAI's are not significantly different. 
Figures 32 and 33 show linear responses in EVTR rates for A-lOO, 
Blackhawk and Rampage with respect to LAI, whereas EVTR of Hark increases 
2 
at an increasing rate as LAI is increased. The R for all varieties are 
excellent. The plots were flooded prior to this trial and adequate water 
was available for high EVTR. At less than 4 LAI's EVTR of Hark is greater 
at 0.3 langley than at 1.2 langleys; however, if standard errors were cal­
culated the curves may not be significantly different. Also, at 3.4 or 
less LAI*s Blackhawk has a greater EVTR at 1.2 langleys than at 0.3 lang­
ley, whereas the reverse occurs at LAI's greater than 3.4. However, since 
the soil surface was probably wet following irrigation, some interesting 
interactions between solar radiation and EVTR could, and evidently did, 
occur. 
Defoliation week 2 
Equation [11] was used to produce the models and the variables, their 
coefficients, F-values and means are shown in Figures 26, 27, 28 and 29 
of Appendix B. Values given in the tables were used to calculate the ex­
changes, except as noted in the figure captions. Figures 34 and 35 show 
the NCE relationships at 0.3 and 1.2 langleys, respectively, and Figures 
37 and 38 show the EVTR relationships at 0.3 and 1.2 langleys, respec­
tively. 
Figure 3 shows NCE of Hark to be greater than NCE*s of the other va­
rieties and this relationship is also shown in Figure 35. However, Figure 
34 doesn't show much difference between the varieties. Figure 34 shows 
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Figure 32. 1967 defoliation week 2 EVTR rates at 0,3 langley of A-lOO 
(A), Blackhawk (B), Hark (H) and Rasq>age (R). Variable 
values used: time = 14.1, (tinie)^  « 205.90, VPDI • 10.48 
and (VPDI)2 - 133.35. LAI ranges: A - 0.9 - 6.3, B - 0.7 
- 5.9, H - 0.9 - 5.2 and R = 0.6 - 5.3 
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Figure 33. 1967 defoliation week 2 EVTR rates ar 1.2 langleys of A-lOO 
(A), Blackhawk (B), Hark (H) and Raïqpage (R). Variable 
values used: time = 14.1, (time) - 205.90, VPDI * 10.48 
and (VPpi) " 133.35. LAI ranges: A • 0,9 - 5.3, B • 0.7 
- 5,9, H - 0.9 - 5.2 and R = 0.6 - 5,3 
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Figure 34. 1967 defoliation week 3 NCE's at 0,3 langley of A-lOO (A), 
Blaekhawk (B), Hark (H) and Rampage (R). Variable values 
used: time «= 13.6 and (time)^  = 191.02. LAI rrnges: A = 
0.4 - 5.5, B = 0.4 - 5.1, H « 1.0 - 5.6 and R = 0.8 - 4.8 
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Figure 35. 1967 defoliation week 3 NCE's at 1.2 langleys of A-lOO (A), 
Blackhawk (B), Hark (H) and Rampage (R). Variable values 
used: time = 13.6 and (time) = 191.02. lAI ranges: A = 
0.4 - 5.5, B = 0.4 - 5.1, H - 1.0 - 5.6 and R = 0.8 - 4.8 
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the classic optimum leaf area response, but Figure 35 does not. This is 
the same response as the previous week. 
Figure 36 shows that the slope of the regression line relating ln(l/lo) 
and LAI of Hark is different from the other varieties. Thus, more radiation 
was reaching the lower leaves in the Hark canopy. And, Hark had a greater 
increase in NCE's as radiation increased from 0.3 to 1.2 langleys than the 
other varieties (Figures 34 and 35). 
Figures 37 and 38 show EVTR of Rampage to be the same at 0.3 and 1.2 
langleys and to be linear with respect to lAI. EVTR of A-lOO is the same 
at both solar flux densities, but the response is quadratic with respect 
to lAI. And, EVTR rates of Hark and Blackhawk also exhibit quadratic re­
sponses to lAI, but Hark and Blackhawk exhibit EVTR responses to solar 
radiation. 
With the exception of Hark the varieties exhibit linear responses 
during week 2. The plots were not irrigated prior to week 3 and there 
would have been less water available at the soil surface for evaporation. 
Consequently, EVTR rates decreased more with reduced lAI's during week 3 
than week 2. 
During week 2 at lAl's less than 3.4 Blackhawk exhibited greatest 
EVTR at 1.2 langleys, whereas at LAI's above 3.4 EVTR was greatest at 0.3 
langley. However, during week 3 at LAI's below 2 Blackhawk exhibited 
greater EVTR at 0.3 langley and at lAI's greater than 2 a greater EVTR at 
1.2 langleys. I can't think of any good reasons why the within week cross 
over occurred, or for the reversal which occurred between weeks. 
Figure 4 shows EVTR of Hark to be not different from EVTR rates of 
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Figure 36. Canopy light extinction of A-lOO (A), Blackhawk (B), Hark 
and Rampage (R) for week 3 of 1967 
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Figure 37. 1967 defoliation week 3 EVTR rates at 0,3 langley of A-lOO (A), 
Blackhawk (B), Hark (H) and Rampage (R), Variable values 
used: time = 13.6, (time)^ = 191.02, VPDI - 11.62 and (VPDI)^ 
= 150.30. LAI ranges: A = 0.4 - 5.5, B = 0,4 - 5,1, H = 1.0 
- 5.6 and R » 0.8 - 4.8 
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Figure 38. 1967 defoliation week 3 EVTR rates at 1.2 langleys of A-lOO (A), 
Blackhawk (B), Hark (H) and Rampage (R), Variable values 
used: time = 13.6, (time)^ = 191.02, VPDI 
= 150,30. LAI ranges: A = 0.4 - 5,5, B 
- 5.6 and R = 0.8 - 4.8 
11.62 and (VPDI)^ 
0.4 - 5.1, H = 1.0 
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Blackhawk and Rampage and to be significantly greater than EVTR of A-100. 
Figures 37 and 38 do not show this same relationship. As discussed pre­
viously, the model used for the data depicted in Figures 3 and 4 has ques­
tionable value, beyond showing that varieties do or do not account for a 
significant amount of the variance. 
Defoliation week 4 
Equation [11] was used to produce the models and the variables, their 
coefficients, F-values and means are shown in Tables 30, 31, 32 and 33 of 
Appendix B. Values shown in these tables were those used to calculate the 
exchange rates, except as noted in the figure captions. Figures 39 and 40 
show the NCE relationships of the varieties at 0,3 and 1.2 langleys, re­
spectively; and Figures 41 and 42 show the EVTR relationships at 0.3 and 
1.2 langleys, respectively. 
NCE's of all varieties dropped considerably from week 3, but NCE's of 
Hark dropped less than the other varieties. The presence of a rather high 
incidence of leaf disease (unidentified) was noted for all varieties except 
Hark, and this may account for the large drop in NCE's by the other va­
rieties. Also, plants approaching maturity might be expected to have low­
er NCE's. 
Hark exhibits slight declines in NCE's at its maximum LAI at both 
solar flux densities, and Blackhawk exhibits a slight reduction at 0.3 
langley. However, the declines are probably not significant. Consequent­
ly Figures 39 and 40 show the classic critical leaf area response. Vari­
etal relationships shown in Figure 3 agree with those shown in Figures 39 
117 
NC E 1967 
10 
A .83 
B .86 
H -95 
R .79 
8 
6 
2 
0 6 7 5 3 4 2 1 
L A I  
Figure 39. 1967 defoliation week 4 NCE's at 0.3 langley of A-lOO (A), 
Blackhawk (B), Hark (H) and Rampage (R). Variable values 
used: time = 13.6 and (time)^ " 192,49. LAI ranges: A = 
0.7 - 4.5, B = 0.6 - 4.3, H - 0.8 - 4.6 and R = 0.7 - 4.3 
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Figure 40. 1967 defoliation week 4 NCE's at 1,2 langleys of A-lOO (A), 
Blackhawk (B), Hark (H) and Rampage (R). Variable values 
used: time = 13.6 and (time)^ = 192.49. LAI ranges: A = 
0.7 - 4.5, B = 0,6 - 4.3, H = 0.8 - 4.6 and R = 0,7 - 4.3 
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and 40. 
The plots were watered prior to this trial and EVTR rates are high 
for all varieties except Blackhawk. Figure 4 shows Hark has significantly 
(1% level) greater EVTR than the other varieties. EVTR was greater at 1.2 
langleys than at 0.3 langley for all varieties except Hark, which had less 
EVTR at 1.2 langleys at LAI's greater than 3. However, the EVTR responses 
to solar radiation are generally small and may not be significant. The 
slope of the Rampage curves (Figures 41 and 42) suggest a possible differ­
ence in canopy structure compared to the other varieties. However, Fig­
ure 43 does not confirm this relationship. 
1968 Gas Exchange 
Equation [8] was used to determine the NCE and EVTR models for the 
combined defoliation trials. The variables, their coefficients and t-
values are shown in Table 34 of Appendix B. Equation [10] was used to 
determine the NCE and EVTR models for the individual defoliation trials. 
The variables, their coefficients and t-values are shown in Tables 40, 41, 
42, 43 and 45 of Appendix B. Table 35 of Appendix B shows that varieties 
account for a significant (1% level) portion of the variance for both NCE 
and EVTR over all periods, except EVTR for week 2, when varieties were non­
significant. Consequently, varieties were analyzed separately. 
Figures 44 and 45 show the differences in NCE's and EVTR rates, re­
spectively, between Hark (the restricted variety) and Blackhawk, Lindarin-
63 and Provar for the combined defoliation trials (def) and the individual 
120 
EVTR 1967 
14 
_  12  
2 10 
A 
B 
H 
R 
R" 
.96 
•97 
•95 
97 
3 4 
L A  I  
7 
Figure 41. 1967 defoliation week 4 EVTR rates at 0,3 langley of A-lOO (A), 
Blackhawk (B), Hark (H) and Rampage (R), Variable values „ 
used: time = 13.6, (time)^ = 192.49, VPDI = 11.94 and (VPDI) 
= 159.08. LAI ranges: A = 0.7 - 4.5, B = 0.6 - 4.3, H = 0.8 
- 4.6 and R = 0.7 - 4.3 
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Figure 42. 1967 defoliation week 4 EVTR rates at 1.2 langleys of A-lOO (A), 
Blackhawk (B), Hark (H) and Rampage (R). Variable values 
used: time = 13,6, (time)^ « 192,49, VPDI = 11.94 and (VPDI) 
= 159.08. LAI ranges; A = 0.7 - 4.5, B - 0,6 - 4.3, H = 0.8 
- 4.6 and R " 0.7 - 4.3 
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Figure 43. Canopy light extinction of A-lOO (A), Blackhawk (B), Hark 
and Rampage (R) for week 4 of 1967 
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Figure 44. Differences between 1968 NCE's of Hark (H) (the restricted va­
riety) and Blackhawk (B), Llndarin-63 (L) and Provar (P). def 
= combined defoliation and weeks 1 - 5 = individual defoliation 
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Figure 45, Differences between 1968 EVTR rates of Hark (H) (the restricted 
variety) and Blackhawk (B), Lindarin-63 (L) and Provar (P). 
def = combined defoliation and weeks 1 - 5 = individual defol­
iation 
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defoliation trials (weeks 1, 2, 3, 4 and 5). 
Combined defoliation trials 
Equation [9] was used to produce the models. The variables, their 
coefficients, F-values and means are shown in Tables 36, 37, 38 and 39 of 
Appendix B, and these were the values used to calculate the exchanges, 
except as noted in the figure captions. Five defoliation trials were con­
ducted from July 30 through September 1. The NCE's of the combined defoli­
ation trials are shown in Figures 46 and 47 for 0.3 and 1.2 langleys, re­
spectively. EVTR rates are shown in Figures 52 and 53 for 0.3 and 1.2 
langleys, respectively. 
Hark and Lindarin-63 show slight declines in NCE's at the higher lAl's 
at 0.3 langley, but these declines may not be significant. If the declines 
are not significant all varieties at both solar flux densities exhibit 
classic critical leaf area response curves. 
At 1.2 langleys Hark shows the highest NCE's, whereas at 0.3 langley 
Mark's NCE's were less than those of Lindarin-63 over all LAI's and less 
than those of Frovar at high and low LAI's. Figure 44 shows Hark with sig­
nificantly (17o level) greater NCE's than the other varieties, but the data 
of the individual variety models indicate not much difference between NCE's 
of Hark and Lindarin-63, and possibly also Provar. Blackhawk had the least 
CO^ exchange. 
Figure 48 shows the day effect on NCE's of the varieties, and they 
seem minimal, with the possible exception of the increases shown for Lin-
darin-63. 
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Figure 46. 1968 combined defoliation NCE's at 0.3 langley of Blackhavk 
(B), Hark (H), Lindarin-63 (L) and Provar (P). Variable . 
values used: day • 16.8, fday)^ • 382.0, time - 12.1, (time) 
- 156.04, TL « 29.6, (TL)^ - 900.9, (day • time) - 203.4 and 
(day • TL) « 488.8. LAI ranges: B « 0.7 - 4.9, H " 0.6 -
4.6, L « 0.6 - 5.1 and P " 0.8 - 5.1 
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Figure 47. 1968 combined defoliation NCE's at 1.2 langleys of Blackhawk 
(B), Hark (H), Llndarln-63 (L) and Provar (P), Variable 
values used: day « 16.8, (day)^ « 382.0, time » 12.1, (time)2 
= 156.04, TL - 29.6, (TL)2 - 900.9, (day • time) - 203.4 and 
(day • TL) « 488.8. lAI ranges: B - 0,7 - 4,9, H - 0.6 -
4.6; L • 0,6 - 5.1 and P • 0,8 - 5,1 
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Figure 48. Day effect upon 1968 combined defoliation NCE's of Blackhawk 
(B), Hark (H), Llndarln-63 (L) and Provar (P). Variable 
values used: time • 12.1, (time) • 156.04, TL " 29.6, (TL) 
» 900.9, lAI = 2.75, (LAI)2 « 9.136, ly « 0.79, (ly)^ - 0.7542 
and (lAI • ly) = 2.1314. Day range - 1 - 34 and day 1 • 
July 30, 1968 
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Time effects on varietal NCE's are shown in Figure 49. Blackhawk, 
exhibited constant NCE's regardless of time, whereas the NCE's of the 
other varieties increased until about noon and then decreased. Reduction 
in NCE's in the afternoon are sometimes attributed to partial stomatal 
closure, resulting from slight plant water stress. Table 67 of Appendix 
B shows a correlation (r = 0.28) between leaf resistance and time. How­
ever, if leaf resistance was varied the quadratic effect would be enhanced. 
Consequently, I am left to suggest "product inhibition", which is often 
suggested when a better one is not evident. Nevertheless, it can be real. 
I find no evident reason why Blackhawk should respond differently. 
Figure 50 shows the effect of leaf temperature upon varietal NCE's. 
NCE's of all varieties decreased throughout the range of leaf temperature. 
However, the decreases are small, except for Hark, and may not be signif­
icant. I find no good reason as to why the reduction in NCE's of Hark 
should be greater than the other varieties. 
Figures 51 and 52 show the EVTR rates of the varieties over the various 
LAI's exhibited by each variety. For all varieties EVTR rates at 1.2 lang-
leys are greater than those at 0.3 langleys. As discussed previously, the 
increases in EVTR rates at 1.2 langleys compared to 0.3 langley are prob­
ably due to the increased energy for EVTR. 
Figure 53 shows the effect of day on EVTR. Blackhawk exhibits a 
slight decline, Provar exhibits a somewhat larger decline. Hark essentially 
exhibits no effect, and Lindarin-63 exhibits an increase in EVTR as day in­
creases. Probably, the only response of any significance is the increase 
exhibited by Lindarin-63, and this probably is due to correlative effects. 
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Figure 49. Time of day effect upon 1968 combined defoliation NCE's of 
Blackhawk (B), Hark (H), Llndarln-63 (L) and Provar (P), 
Variable values used: day = 16.8, (day)^ » 382.0, TL =« 
29.6 (TL)2 = 900.9, LAI = 2.75, (LAI)^ - 9.136, ly - 0.79, 
(lyr - 0.7542, (day • TL) = 488.8 and (LAI • ly) - 2.1314. 
Time of day range - 700 - 1800 hours CST 
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Figure 50, Leaf temperature effect upon 1968 combined defoliation NCE*s 
of Blackhawk (B), Hark (H), Lindarin-ôSjSnd Provar (P). 
Variable values used: day = 16.8, (day) « 382.0, time • 
12.1, (time)2 - 156.04, LAI - 2.75, (LAI)^ - 9.136, ly -
0.79, (ly)2 - 0.7542, (day • time) - 203.4 and (LAI • ly) 
- 2.1314. Leaf tenq^erature range » 22 - 38 °C 
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Figure 51. 1968 combined defoliation EVTR rates at 0.3 langley of Black-
hawk (B), Hark (H), Lindarin-63 (L) and Provar (P). Variable 
values used: day - 16,8, (day) • 382.0, time = 12.1, (time)^ 
= 156.04, TL - 29.6, (TL)2 - 900.9, (day • time) - 203.4, 
(day • TL) - 488.8, VPDI » 10.70 and (VPDI)^ - 137.40. LAI 
ranges: B « 0.7 - 4.9, H » 0.6 - 4.6, L * 0.6 - 5.1 and P 
- 0.8 - 5.1 
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Figure 52. 1968 combined defoliation EVTR rates at 1.2 langleys of Black-
hawk (B), Hark (H), Llndarln-63 (L) and Provar (P). Variable 
values used: day " 16,8, (day)^ " 382.0, time = 12,1, (time) 
= 156.04, TL « 29.6, (TL)2 - 900.9, (day . time) - 203.4, 
(day . TL) « 488,8, VPDI = 10,70 and (VPDI)^ - 137,40, LAI 
ranges: B = 0,7 - 4.9, H * 0,6 - 4,6, L * 0,6 - 5,1 and P 
= 0.8 - 5.1 
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Figure 53. Day effect upon 1968 combined defoliation EVTR rates of Black-
hawk (B), Hark (H), Lindarin-63 (L) and Provar (P). Variable 
values used: time • 12.1, ftime)^ • 156.04, TL • 29,6, (TL)^ 
- 900.9, LAI - 2.75, - 9.136, ly - 0.79, (ly)'^ - 0.7542, 
(LAI . ly) - 2.1314, VPDI » 10.70 and (VPDI)^ - 137.40, Day 
range « 1 - 34 and day 1 = July 30, 1968 
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as previously discussed. 
The effect of time of day is shown by Figure 54. Blackhawk exhibits 
constant EVTR, regardless of time; Hark exhibits linear slightly increas­
ing EVTR with time; and both Lindarin-63 and Provar exhibit increasing EVTR 
followed by slight declines after 1400 hours. However, if the time effects 
are significant they must be due to correlative effects. 
Figure 55 shows varietal EVTR responses to leaf temperature. EVTR 
rates of Hark and Provar decline when temperature is increased; EVTR of 
Lindarin-63 increases as leaf temperature increases; and, EVTR of Black-
hawk does not respond to changes in leaf temperature. Probably the right 
response is for EVTR to decrease as leaf temperature increases, because 
increasing leaf temperatures may indicate lack of water for transpiration. 
The problem is that all varieties do not respond the same, but the responses 
are not large, therefore, they are probably due to rather subtle inter­
action and/or correlative effects. 
Figure 45 shows EVTR of Hark to be less than EVTR of Provar, not dif­
ferent from EVTR of Lindarin-63 and greater than EVTR of Blackhawk. These 
relationships would probably be shown by mean varietal curves constructed 
from the curves of Figures 51 and 52. 
Defoliation week 2 
Equation [11] was used to produce the NCE and EVTR models. The vari­
ables, their coefficients, F-values and means are shown in Tables 45, 46, 
47 and 48 of Appendix B, and these were the values used to calculate the 
exchange rates, except as noted in the figure captions. Varietal NCE's are 
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Figure 54. Time of day effect upon 1968 combined defoliation EVTR rates 
of Blackhawk (B), Hark (H), Lindarin-63 (L) and Provar (P). 
Variable values used: day • 16.8. (day)^ • 382,0, TL - 29.6, 
(TL)2 « 900.9, lAI - 2.75, (lAI)^ - 9.136, ly - 0.79, (ly)^ 
- 0.7542, (day • TL) - 488.8, (lAI • ly) » 2.1314, VPDI -
10.70 and (VPDI) • 137.40. Time of day range • 700 - 1800 
hours CST 
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Figure 55. Leaf temperature effect upon 1968 combined defoliation EVTR 
rates of Blaclchawk (B), Hark (H), Lindarln-63 (L) and Provar 
(P). Variable values used: day • 16.8, (dav)^ - 382.0, tiase 
- 12.1, (time)2 - 156.04, LAI - 2.75, (LAI)^ - 9.136, ly -
0.79, (ly)2 - 0.7542, (day • tiy) - 203.4, (lAI • ly) -
2.1314, VPDI - 10.70 and (VPDI)^ « 137.40. Leaf temper­
ature range «22-38 ®C 
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shown in Figures 56 and 57 for 0.3 and 1.2 langleys, respectively, and 
EVTR rates are shown in Figures 59 and 60 for 0.3 and 1.2 langleys, re­
spectively. 
Figure 56 shows NCE of Lindarin-63 to be considerably greater than 
NCE's of the other varieties at 0.3 langley. Whereas Figure 57 shows 
NCE*s of all varieties are probably not much different at 1.2 langleys. 
Also, NCE's of Lindarin-63 increased the least with increased solar radi­
ation. This could lead one to propose a more closed canopy for Lindarin-
63; however. Figure 58 shows that the light extinctions of the varieties 
are not different. Figure 44 shows that NCE's of Hark, Lindarin-63 and 
Blackhawk are not different, whereas NCE's of Provar are greater than those 
2 
of Hark. R s shown in Figures 56 and 57 are not very good. Consequently, 
the true varietal relationships could be different from those shown. 
Figure 45 shows EVTR of Provar to be significantly greater than EVTR 
of Hark and EVTR rates of Blackhawk and Lindarin-63 to be not different 
from Hark. Figures 59 and 60 show EVTR of Provar that are generally 
2 greater than the EVTR rates of the other varieties. However, the R are 
not good, possibly because the wet bulbs were drying out under high demand 
conditions. 
The method of wrapping the wet bulbs was changed between weeks 2 and 
2 3. Although the EVTR R s for week 2 are good, those for weeks 3, 4 and 5 
are excellent. 
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Flgwre 56. 1968 defoliation week 1 NCE's at 0.3 langley of Blackhawk (B), 
Hark (H), Lindarin-63 (L) and Provar (P). Variable values 
used: time = 13.2, (tlme)2 - 182.38, TL - 29.7 and (TL)^ -
899.2. lAI ranges: B • 1.2 - 4.9, H • 1.1 - 4.5, L = 1.5 -
5.1 and P » 1.7 - 5.1 
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Figure 57. 1968 defoliation week 1 NCE's at 1.2 langleys of Blackhawk (B), 
Hark (H), Lindarin-63 (L) and Provar (P), Variable values 
used: time • 13.2, (time) •= 182,38, TL = 29.7 and (TL)^ = 
899.2, lAI ranges: B » 1.2 - 4.9, H - 1.1 - 4.5, L * 1.5 -
5.1 and P • 1.7 - 5.1 
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Figure 58. Canopy light extinction of Blackhawk (B), Hark (H), Lindarin-
63 (L) and Provar (P) for week 1 of 1968 
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Figure 59. 1968 defoliation week 1 EVTR rates at 0.3 langley of Blackhawk 
(B), Hark (H), Lindarln-63 (L) and Provar (P). Variable 
values used: time » 13.2, (time)^ • 182.38, TL • 29.7, (TL)^ 
- 899.2, VPDI - 10.49 and (VPDI)"^ « 118.16. lAI ranges: 
B - 1.2 - 4.9, H - 1.1 - 4.5, L - 1.5 - 5.1 and F - 1.7 - 5.1 
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Figure 60, 1968 defoliation week 1 EVTR rates at 1.2 langley of Black-
hawk (B), Hark (H), Lindarin-63 (L) and Provar (P). Variable 
values used: time • 13.2, (time)^ « 182,38, TL - 29,7, (TL) 
- 899.2, VPDI - 10.49 and (VPDI)^ « 118.16. lAI ranges: 
B « 1.2 - 4.9, H - 1.1 - 4.5, L - 1.5 - 5.1 and P = 1.7 - 5.1 
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Defoliation week 2 
Equation [11] was used to produce the NCE and EVTR models. The vari­
ables, their coefficients, F-values and means are shown in Tables 49, 50, 
51 and 52 of Appendix B, and these were the values used to calculate the 
exchanges, except as noted in the figure captions. Figures 61 and 62 show 
the NCE relationships of the varieties at 0.3 and 1.2 langleys, respective­
ly; and the EVTR relationships are shown in Figures 64 and 65 at 0.3 and 
1.2 langleys, respectively. 
2 Figures 61 and 62 show considerable improvement in the R s from week 
1. Figure 62 shows Hark has greater NCE's than the other varieties, and 
since Hark shares maximum NCE's with Provar at 0.3 langley, the maximum 
mean exchange would be exhibited by Hark. The curves in Figures 61 and 62 
are classic critical leaf area response curves. Figure 44 shows Hark to 
have significantly (1% level) greater NCE than the other varieties. 
Figure 63 shows the light extinctions of the varieties are not signif­
icantly different. 
Table 34 shows that varieties do not account for a significant portion 
of the variance in the EVTR model for week 2. Nevertheless, the data are 
plotted in Figures 64 and 65. 
Defoliation week 2 
Equation [11] was used to produce the NCE and EVTR models. The vari­
ables, their coefficients, F-values and means are shown in Tables 53, 54, 
55 and 56 of Appendix B, and these were the values used to calculate the 
exchanges, except as noted in the figure captions. Figures 66 and 67 show 
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Figure 61. 1968 défoliation veek 2 NCE's at 0,3 langley of Blackhawk (B), 
Hark (H), Lindarin-63 (L) and Provar (P). Variable values 
used: time = 11,7, (time) - 147.13, TL • 31.6 and (TL)^  = 
1026.0. lAI ranges: B « 1,1 - 4,8, H • 0.8 - 4.6, L - 1.6 
- 4.7 and P » 1.0 - 4.7 
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Figure 62, 1968 defoliation week 2 NCE's at 1.2 langleys of Blackhawk 
(B), Hark (H), Lindarin-63 (L) and Provar (P). Variable 
values used: time • 11,7, (time) " 147.13, TL • 31.6 and 
(TL)2 - 1026.0. lAI ranges B - 1.1 - 4.8, H - 0,8 - 4.6, 
L * 1.6 - 4.7 and P " 1.0 - 4.7 
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Figure 63, Canopy light extinction of Blackhawk (B), Hark (H), Lindarin-
63 and Proyar (P) for week 2 of 1968 
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Figure 64. 1968 defoliation week 2 EVTR rates at 0.3 langley of Black-
hawk (B), Hark (H), Lindarln-63 and Provar (P), Variable 
values used: time • 11.7, (time) • 147.13, TL • 31.6, (TL)2 
= 1026.0, VPDI = 10.36 and (VPDI)2 = 145.71. LAI ranges: B 
= 1.1 - 4.8, H = 0.8 - 4.6, 1 = 1.6 - 4.7 and P = 1.0 - 4.7 
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Figure 65. 1968 defoliation week 2 EVTR rates at 1.2 langleys of Black-
hawk (B), Hark (H), Lindarin-63 (L) and Provar (P), Variable 
values used: time « 11.7, (time)^ « 147.13, TL «= 31.6, (TL)2 
» 1026.0, VPDI » 10.36 and (VPDI)^ - 145.71. LAI ranges: B 
- 1.1 - 4.8, H » 0.8 - 4.6, L » 1.6 - 4.7 and P - 1.0 - 4.7 
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NCR's of the varieties at 0.3 and 1.2 langleys, respectively; and Figures 
69 and 70 show EVTR rates at 0.3 and 1.2 langleys, respectively. 
The varietal responses to increasing LAI's were nearly linear, except 
for Lindarin-63 at both solar flux densities. Also, the increases in NCE's 
as LAI's increases are small. Figure 44 shows NCE of Hark to be signifi­
cantly greater than those of the other varieties, and this relationship is 
also indicated in Figures 66 and 67. The limited reduction in NCE's with 
partial defoliation may be due to increased sink-source ratios. 
NCE's of Blackhawk, Lindarin-63 and Provar for week 3 are greater 
than those of week 2. NCE's of Hark for week 3 are greater than those of 
week 2, except at LAI's of 2.5 and greater. However, NCE's of Hark during 
week 3 are much greater than those during week 2 at the lower LAI's. Con­
sequently, the week 3 mean NCE's would seem to be greater than the week 2 
mean NCE's. 
Figure 68 shows the light extinctions of the varieties are not signif­
icantly different. 
The plots were irrigated prior to this trial and the EVTR rates are 
greater than those of week 2, expecially at 1.2 langleys and low LAI's. 
This probably results from additional moisture at the soil surface, and 
when solar radiation passes through the canopies, following partial de­
foliation, evaporation from the soil increases. EVTR of Provar increased 
more than EVTR rates of the other varieties in response to increased solar 
radiation. This could lead to the suggestion of differences in structure 
of the canopies, but Figure 68 shows the light extinctions of the varieties 
2 
are not different. The R for Provar is less than those for the other 
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Figure 66. 1968 defoliation week 3 NCE's at 0.3 langley of Blackhawk 
(B), Hark (H), Lindarin-63 (L) and Provar (P). Variable 
values used: time - 12.6, (time)^ » 168.72, TL « 27.9 
and (TL)2 « 790.5. LAI ranges: B » 1.1 - 4.3, H • 1.1 -
4.3, L - 1.6 - 4.2 and P » 1.3 - 4.3 
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Figure 67. 1968 defoliation week 3 NCE's at 1.2 langleys of Blackhawk 
(B), Hark (H), Lindarin-63 (L) and Provar (P). Variable 
values used: time • 12.6, (time) • 168,72, TL » 27.9 
and (TL) - 790.5, lAI ranges: B • 1,1 - 4,3, H » 1.1 -
4,3, L » 1,6 - 4,2 and P « 1,3 - 4,3 
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Figure 68. Canopy light extinction of Blackhawk (B), Hark (H), Lindarin-
63 (L) and Provar (P) for week 3 of 1968 
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Figure 69. 1968 defoliation week 3 EVTR rates at 0.3 langely of Blackhavk 
(B), Hark (H), Lindarin-63 (L) and Provar (P). Variable 
values used: time " 12,6, (tlme)^ » 168.72, TL = 27.9, 
(TL)2 = 790.5, VPDI - 10.70 and (VPDI)^ -= 126.05. LAI 
ranges: B " 1,1 - 4.3, H • 1.1 - 4.3, L - 1.6 - 4.2 and 
P - 1.3 - 4.3 
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Figure 70. 1968 defoliation week 3 EVTR rates at 1.2 langleys of Black-
hawk (B), Hark (H), Lindarin-63 (L) and Provar (P). Variable 
values used: time " 12.6, (time)^ • 168.72, TL = 27.9, 
(TL)2 - 790.5, VPDI « 10.70 and (VPDI)^ - 126.05. LAI 
ranges: B " 1.1 - 4,3, H = 1.1 - 4.3, L = 1.6 - 4.2 and 
P » 1.3 - 4.3 
156 
varieties, therefore, the true response may not be shown. 
Figure 45 shows EVTR rates of Hark and Provar to be not different 
and EVTR races of Blackhawk and Lindarin-63 to be less than that of Hark, 
and this agrees with Figures 69 and 70. 
Defoliation week 4 
The models were produced with Equation [11]; and the variables, their 
coefficients, F-values and means are shown in Tables 57, 58, 59 and 60 of 
Appendix B. Except as noted in the figure captions these were the values 
used to calculate the exchanges. Varietal NCE's are shown in Figures 71 
and 72 for 0.3 and 1.2 langleys, respectively; and EVTR rates are shown in 
Figures 74 and 75 for 0.3 and 1.2 langleys, respectively. 
Reduction in NCE's due to partial defoliation were considerably great­
er during week 4 than week 3. Therefore, if the lack of reductions in NCE's 
following partial defoliation during week 3 really were due to increased 
sink-source ratios, the factors which caused this relationship must not 
have been present during week 4. Figure 44 shows NCE's of Lindarin-63 
and Provar to be greater than NCE of Hark and the latter to be greater 
than the NCE of Blackhawk. 
Figure 73 shows the light extinctions of the varieties to be not dif­
ferent . 
Although the plots were not irrigated prior to week 4, the EVTR rates 
were higher at 0.3 langley than for week 3. However, at 1.2 langleys the 
week 3 rates were higher than the rates for week 4, and greater reductions 
in EVTR rates accompanied partial defoliation in week 4 than in week 3. 
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Figure 71. 1968 defoliation week 4 NCE's at 0.3 langley of Blackhawk 
(B), Hark (H), Lindarin-63 (L) and Provar (P). Variable 
values used: time « 11.3, (time)^ = 134.18, TL = 33.6 and 
(TL)2 - 1139.0. lAI ranges; B - 0.8 - 4.0, H - 0.7 - 4.3, 
L " 0.6 - 4.2 and P » 0.8 - 4.1 
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Figure 72. 1968 defoliation week 4 NCE's at 1.2 iangieys of Bleckhawk 
(B), Hark (H), Llndarln-63 (L) and Prcvar (?). Variable 
values used: time • 11.3, (time)^ = 134.18, TL = 33.6 and 
(TL)2 = 1139.0. lAI ranges: B « 0.8 - 4.0, H =• 0.7 - 4.3, 
L = 0.6 - 4.2 and P • 0.8 - 4.1 
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Figure 73, Canopy light extinction of Blackhawk (B), Hark (H), Lindarin-
63 (L) and Provar (P) for week 4 of 1968 
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Figure 74. 1968 defoliation week 4 EVTR rates at 0.3 langley of Black-
hawk (B), Hark (H), Lindarin-63 iL) and Provar (P). Variable 
values used: time • 11.3, (time) " 134.18, TL • 33.6, (TL)^ 
- 1139.0, VPDI - 13.83 and (VPDI)^ - 223.85. LAI ranges: 
B - 0.8 - 4.0, H - 0.7 - 4.3, L - 0.6 - 4.2 and P - 0.8 - 4.1 
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Figure 75. 1968 defoliation week 4 EVTR rates at 1.2 langelys of Black-
hawk (B), Hark (H), Llndarln-63 /L) and Provar (P). Variable 
values used: time " 11.3, (time) • 134.18, TL » 33.6, (TL)^ 
- 1139.0, VPDI - 13.83 and (VPDI)^ « 223.85. LAI ranges : 
B « 0.8 - 4.0, H - 0.7 - 4.3, L » 0.6 - 4.2 and P - 0.8 - 4.1 
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The soil surface was probably drier during week 4 and the increased solar 
radiation that fell upon the soil surface following partial defoliation 
did not increase evaporation as much in week 4 as it did in week 3. Figure 
45 shows EVTR rates of Blackhawk and Lindarin-63 to be greater than that 
of Hark, and EVTR of Hark to be not different from EVTR of Provar. 
Defoliation week 5 
Equation [11] was used to produce the models; and the variables, their 
coefficients, F-values and means are shown in Figures 61, 62, 63 and 64 of 
Appendix B. These were the values used to calculate the exchanges, except 
as noted in the figure captions. NCE's are shown in Figures 76 and 77 for 
0.3 and 1.2 langleys, respectively; and EVTR rates are shown in Figures 
79 and 80 for 0.3 and 1.2 langleys, respectively. 
NCE's of Hark and Lindarin-63 are not significantly different, and 
NCE's of Provar and Blackhawk are significantly less than is NCE of Hark 
(Figure 44). Mean rates composed of the data shown in Figures 76 and 77 
would probably show this relationship also. 
This is the only week in 1968 when the light extinctions of the vari­
eties are significantly different, and they are shown in Figure 78. Differ­
ences in canopy light extinction generally result in different shapes of 
the NCE response curves for the LAI by solar radiation interaction, such 
that at high solar radiation the variety with the lowest light extinction 
exhibits the most rapid increase in NCE as LAI is increased. And, it also 
exhibits the greatest NCE response to increased solar radiation. 
Figures 79 and 80 show EVTR of Hark to be greater at 0.3 langley than 
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Figure 76. 1968 defoliation week 5 NCE's at 0.3 langley of Blackhawk 
(B), Hark (H), Lindarin-63 (L) and Provar (P). Variable 
values used: time • 12.0, (time) * 151.89, TL • 25.8 and 
(TL)2 - 682.5. lAI ranges; B - 0.7 - 3.9, H - 0.7 - 4.0, 
L " 0.6 - 3.5 and P ~ 0.8 - 3.7 
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Figure 77. 1968 defoliation week 5 NCE*8 at 1.2 langley of Blackhawk 
(B), Hark (H), Lindarin-63 (L) and Provar (P). Variable 
values used: time » 12.0, (time)^ » 151.89, TL » 25.8 and 
(TL)Z « 682.5. lAI ranges: B - 0.7 - 3.9, H - 0.7 - 4.0, 
L « 0.6 - 3.5 and P « 0.8 - 3.7 
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Figure 78. Canopy light extinction of Blackhavk (B), Hark (H), Lindarin-
63 (L) and Provar (P) for week 5 of 1968 
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at 1.2 langleys, whereas the other varieties all exhibited greater EVTR 
rates at the higher solar flux density. Reasons for higher EVTR of Hark 
at the lower solar flux density are not readily evident. 
Figure 45 shows EVTR rates of Hark and Lindarin-63 to be not differ­
ent and EVTR rates of Blackhawk and Provar to be significantly less than 
EVTR of Hark. 
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Figure 79. 1968 defoliation week 5 EVTR rates at 0,3 langley of Black-
hawk (B), Hark (H), Llndarln-63 jjL) and Provar (P). Variable 
values used: time (time) 12.0, 
- 682.5, VPDI - 7.94 and (VPDI)^ 
0.7 - 3.9, H = 0.7 - 4.0, L 
2 1 151.89, TL « 25.8, (TL) 
69.54. LAI ranges: B • 
0.6 - 3.5 and P - 0.8 - 3.7 
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Figure 80, 1968 defoliation week 5 EVTR rates at 1,2 langley of Black-
hawk (B), Hark (H), Lindarin-63 (L) and Provar (P). Variable 
values used: time « 12.0, (time) " 151.89, TL • 25.8, (TL)2 
- 682.5, VPDI - 7.94 and (VPDI)^ « 69.54. lAI ranges: B -
0.7 - 3.9, H - 0.7 - 4.0, L - 0.6 - 3.5 and P » 0.8 - 3.7 
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DISCUSSION 
The Gas Exchange System 
During 1967 gaseous (COg and water) exchanges of field-grown soybean 
canopies were measured with chambers 1-meter square at their bases. The 
soybean canopy was somewhat disturbed by the chamber sides, and there was 
a region of definite discontinuity between the canopy surface inside and 
outside the chamber. This may have resulted in greater radiation on the 
lower leaves of the canopy within the chamber than on the lower leaves of 
the undisturbed canopy, especially on the south and west sides of a cham­
ber. Since this "border" effect might affect the NCE and EVTR, it was 
decided to enlarge the chambers for 1968 and thereby spread the supposed 
effect over a greater number of plants and reduce the supposed consequence. 
The chambers were positioned so the air, drawn from ground level in 
1967 and through mixing towers in 1968, entered the chambers at the NE 
upper corners. Circulation fans were located near the tops of the cham­
bers on the north sides in 1967 and in the east ends in 1968 to provide in­
terior turbulence of the air. The air exited from the chambers through 
holes in the bases. The outlet holes were sized so that there was about 
1/8-inch static pressure inside the chambers. This should have resulted 
in nearly equal amounts of air being exhausted from each outlet hole, and 
consequently, provide nearly equal atmospheric environments to all plants. 
Prior to taking the 1968 chambers to the field strings with streamers were 
placed across a chamber to check interior turbulence and it appeared 
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adequate. However, T did not measure air flow at points within the cham­
ber in 1968 (nor in 1967 or 1969), because it would obviously be different 
when the chamber was placed over plants, and it would also likely vary with 
plant height and degree of defoliation. 
When NCE was being measured on a given plot in 1967, it seemed to be 
fairly variable even under constant solar radiation. Consequently, loca­
tion of an intake box was varied to determine if the readings could be im­
proved. It was found that the ambient CO^ concentration varied at the soil 
surface more than over the plant canopy. Therefore, mixing towers were 
used in 1968, with air being drawn into them throughout their height, and 
this resulted in more stable NCE's under constant solar radiation. 
The rate of air flow was maintained so that under conditions of max­
imum NCE the difference in CO^ concentration between inlet and outlet air 
streams was about 20 ppm. This rate of air flow generally resulted in 2 
to 4 °C increase in temperature between inlet and outlet air streams. 
Mean temperatures of the outlet air stream for the various test periods 
during 1967 ranged from 25.2 to 30.4 °C (mean = 28.8 °C). However, a lim­
ited scan of the data shows a maximum outlet air temperature of about 37 
°C. Although leaf temperatures were not taken in 1967, the data for 1968 
show the temperature of the upper leaves of the canopy to be generally 
2 to 4 °C above the outlet air temperature during high solar radiation. 
Leaf temperatures varied from 25.8 to 33.8 °C (mean = 28.9 °C) during 1968. 
Dornhoff (1969) noted NCE's of soybean leaves to be unaffected at 
temperatures of 25 to 35 °C. And, Hofstra and Hesketh (1969a) reported 
maximum NCE of soybean leaves occurred at about 40 °C. Consequently, it 
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would appear that the majority of the time leaf temperatures were probably 
below temperatures which have been shown detrimental to NCE. Thus, the 
"open" or flow-through chamber system is believed to provide leaf temper­
atures which are not detrimental to NCE, thereby relieving the necessity 
of investing in air-conditioners and the problems associated with their 
incorporation into the system 
Net Carbon Exchange 
Year 
Comparisons of the NCE curves for 1967 and 1968 show the NCE's for 
1968 are considerably lower than those for 1967. However, at LAI values 
of 1.5 and less, the NCE's appear to be about the same for both years. 
Also, comparison of the NCE individual defoliation trial curves of both 
years shows a greater reduction due to defoliation in NCE's during the 
1967 season than in 1968. 
At 1.2 langleys, the 1967 NCE curves (figures 26, 30, 35 and 40) show 
the exchanges of week 1 to be about equal to week 2, week 2 greater than 
week 3 and week 3 greater than week 4. At 0.3 langley, the 1967 NCE curves 
(Figures 25, 29, 34 and 39) show the exchanges of week 1 to be greater than 
week 2, week 2 about equal to week 3 and week 3 greater than week 4. These 
general relationships are also shown in Figure 17 (day effect). At 1.2 
langleys, the 1968 NCE curves (Figures 57, 62, 67, 72 and 77) show the 
exchanges of weeks 1 to 5 are about equal except for the increase at low 
LAI's during week 3. At 0.3 langley, the 1968 NCE curves (Figures 56, 61, 
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66, 71 and 76) show the exchanges are about equal except for the lower ex­
changes at low LAI's during week 2. These general relationships are also 
shown by Figure 48 (day effect). 
The higher exchanges during 1967 may be partially attributable to the 
previously mentioned border effect with the smaller chambers. One square 
meter of plants was enclosed in 4-meters of chamber border (1:4) in 1967, 
whereas for 1968 the ratio was 2:6. Johnson et al. (1969) reported the 
NCE's of lower and middle soybean canopy leaves were 13 and 60%, respective-
-2 -1 ly, of the upper leaves (20.2 mg CO^ « dm • hr ), and when the canopy 
was opened to expose these leaves to full sun their rates increased 258 
and 60%, respectively. Hence, a poorer border could have allowed more 
light to fall upon the lower leaves and result in higher NCE's in 1967. 
But, other data suggest the 1967 rates are more nearly normal than the 
1968 rates (Hansen, 1970). 
The chambers used in 1968 were used on soybean canopies in 1969, and 
the 1969 exchange rates were similar to those of 1967. However, the air 
distribution was modified between 1968 and 1969. Instead of the air enter­
ing a chamber near its top, as in 1968, it entered through two perforated 
stove pipes which extended across the chamber base near ground level be­
tween the rows of soybeans. The pipes had two rows of holes located at 
about 45 and 315° (0° at the top) and the holes were spaced 2-inches from 
center to center. The air was exhausted from the chamber through holes 
near the top of the plastic cover. Since the air entered across the cham­
ber bases, the circulation fans were not used within the chambers in 1969. 
Jeffers and Shibles (1969) reported NCE's of about 4, 5 and 5.8 g CO^ • 
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m . hr at circulation fan speeds of 0, 500-1500 and 2500-3500 rpm, 
respectively, in a chamber similar to those used in 1967. Their maximum 
fan speed created air movement of 50 to 300 m • min at the canopy surface 
and they described the resulting leaf movement to be similar to that creat­
ed by a strong breeze. 
It is possible that the distribution of the air in the chambers dur­
ing 1968 was such that it flowed across the tops of the canopies, down the 
sides and out of the exhaust holes. However, this seems unlikely, since 
it was necessary to change the angle of the circulation fans as the plants 
became taller, because the air movement was such that it caused the leaves 
to move and resulted in the leaf thermocouples being detached. Also, the 
air flow was such that it resulted in movement of all leaves across the 
canopy surface in various degrees, and I would envision the movement to be 
similar to that described by Jeffers and Shibles (1969). Hence I do not 
believe that air circulation was the entire problem in 1968. 
Bowes et al. (1972) reported that high light intensity during the 
growth of Wayne soybeans resulted in increased NCE, light-saturation in­
tensity, RuDP carboxylase activity and specific leaf weight. Total solar 
radiation data for August of 1967, 1968 and 1969 show values of 15,900, 
13,500 and 14,500 langleys, respectively. Radiation for the last week in 
July was about equal in the three years. However, total July radiation for 
1967, 1968 and 1969 was 17,700, 16,100 and 13,800 langleys, respectively. 
Dornhoff (1969) reported that it took from 12 to 16 days for soybean 
leaves to become fully expanded. The majority of the exchange measurements 
were made during August. Consequently, the upper leaves of the canopies 
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probably expanded after mid-July, and total radiation for this period was 
greater in 1967 than in 1968. Hence, it is possible the higher exchange 
rates during 1967 may be partially attributable to greater solar radiation 
during leaf development in 1967 (and in 1969). 
Leaf resistances for the developmental trials of 1967 ranged from 
1.94 to 2.58 (mean = 2.32) sec • cm and were 1.2 to 1.63 (mean = 1.41) 
sec - cm ^ for the combined defoliation trials. Developmental exchanges 
were calculated for 1968; however, the range in lAI values was very narrow, 
and therefore, these data were not included in the thesis. The leaf resis­
tances for the combined defoliation trials of 1968 were 3.02 to 3.35 (mean 
= 3.16) sec • cm The plants were irrigated during both years, and al­
though the plants appeared to be under moisture stress occasionally in 
both years stress did not occur more often in 1968 than in 1967. There­
fore, I don't believe moisture stress can account for the 2.2 fold increase 
in leaf resistance. Much of the differences in NCE's of plant leaves is 
attributed to differences in leaf resistance. Therefore, it would be ap-
priate for a large increase in leaf resistance to be accompanied by a sub­
stantial reduction in NCE's. I propose that the greater leaf resistances 
for 1968 compared to 1967 were due to reduced stomatal number and/or sto-
matal aperature in 1968. 
Individual defoliation trial NCE curves for 1967 at 0.3 langley (Fig­
ures 25, 29, 34 and 39) show optimum leaf area responses, whereas those 
for 1967 at 1.2 langleys (Figures 26, 30, 35 and 40), and all of those 
for 1968 (Figures 56, 57, 61, 62, 66, 67, 71, 72, 76 and 77), with a few 
exceptions, e^diibit critical leaf area responses. Maximum LAl's were 
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greater in 1967 than in 1968; however, the 1967 curves began to decline at 
leaf areas which were present in 1968. This would indicate that the 1967 
plants were not as efficient at low light as the 1968 plants, Bjdrkman 
(1968) reported various species that are adapted to an exposed habitat 
were not as efficient at low light as those adapted to a shaded habitat. 
However, application of Bjflrkman's data may be questionable, because his 
exposed habitat plants were light-saturated at about 0.42 langley, and the 
radiation below which they were less efficient than the shaded habitat 
plants was about 0.02 langley. These radiation values are considerably 
less than those of this study and his study was with two different species, 
whereas this study involves only one species. However, it may add some 
creditability to the proposal that radiation levels under which the 1967 
plants were grown were higher, and that this could be one of the factors 
which resulted in higher exchanges in 1967. 
Yield data show Story County soybean grain yields for 1968 and 1969 
which are probably not significantly different, but they are probably sig­
nificantly greater than the yield for 1967 (Iowa Farm Census, 1967, 1968, 
1969). Consequently, this indicates that the 1968 and 1969 exchange rates 
should have been similar and greater than those of 1967. Therefore, the 
yield data do not clarify the yearly NCE relationships, but add further 
confusion to the problem. 
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Defoliation 
Comparisons of 1967 NCE's, at equal LAI's and at both 0.3 and 1.2 
langleys, between the developmental trial (Figures 5 and 6) and the com­
bined defoliation trials (Figures 15 and 16) show that NCE's are greater 
for the partially defoliated plants than for the nondefoliated plants. 
The increased NCE's may result from a change in the sink-source ratio 
and/or removal of leaves below their light compensation point — that is, 
leaves with a negative carbon exchange. However, if it is assumed that the 
1967 data is more normal than the 1968 data, and it is similar to the 1969 
data (Hansen, 1970), the more likely result of partial defoliation is the 
removal of leaves below their light compensation point rather than an in­
crease in the sink-source ratio. 
Meidner (1969, 1970a) and Wareing et al. (1968) reported increased 
NCE's of Phaseolus following partial defoliation. Wareing et al. further 
reported increased RuDP carboxylase activity in the remaining leaves. Bowes 
et al. (1972) proposed that the high NCE and light-saturation intensity 
-2 -1 (50 mg CO^ * dm • hr ) reported for leaves of debranched soybean 
(Beuerlein and Pendleton, 1970b) may have been due to increased RuDP 
carboxylase activity resulting from debranchment. Increased NCE's report­
ed by Meidner (1969, 1970a) and Wareing et al. (1968) were measured four 
and three days, respectively, after defoliation, whereas the increases in 
this study were measured one or two days after partial defoliation. Con­
sequently, it would be interesting to know how soon and how rapidly RuDP 
activity increases after defoliation. 
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Defoliation in these trials was by removal of leaves estimated to 
comprise the lower 1/2 of the canopies. Figures 16 and 47 show that at 
1.2 langleys NCE's of the upper most portions of the canopies accounted 
for the largest proportion of the full canopy NCE's. Figures 15 and 46 
show that at 0.3 langley the upper portion of the canopies account for a 
greater proportion of the NCE's than at 1.2 langleys. The individual de­
foliation trials for both years show this same relationship. This probably 
must be considered as an estimate of the true productivity of the canopy 
portions, since I am not certain of the effects of leaf removal on stomatal 
conductance as proposed by Meidner (1969, 1970a) and/or carboxylation 
efficiency as proposed by Wareing et al. (1968), Anyway, I doubt if any­
one can argue effectively against the concept of the upper leaves of a 
canopy being the most efficient carbon fixers, since that is where the most 
of the light is intercepted. However, the findings of Meidner and Wareing 
et al. disallow placing more absolute values on efficiency of specific 
canopy portions. 
Varietal 
Tables 1 and 2 show the mean varietal values for the various trials 
in 1967 and 1968, respectively. 
The varietal mean NCE's for the 1967 developmental trial can be con­
sidered as an estimate of the seasonal photosynthetic potential. However, 
it must be noted that the daily test periods were from 900 to 1800 hours 
CST and this would result in the means containing a disproportionately 
larger number of observations under higher solar radiation than would 
Table 1. Mean 1967 varietal values for the developmental trial (13 days 
from July 10 through August 4 plus August 7, 16, 21 and 28), 
the combined defoliation trials (17 days from August 7 through 
August 31) and the ^ndividual defoliation trials. Terms are 
as^follows: LAI = m leaf area • m land area, NCE = g CO- • 
m_2 • hr_^, EVTR = g H^O • m • min and EVTR' = g H^O • 
m ' hr 
LAI NCE EVTR NCE:LAI NCE:EVTR' EVTR:LAI 
Developmental trial 
A-lOO 4.76 3.90 9.0 0.8:1 0.0072:1 1.9:1 
Blackhawk 4.66 3.85 9.0 0.8:1 0.0071:1 1.9:1 
Hark 4.10 4.08 9.4 1.1:1 0.0072:1 2.3:1 
Rampage 4.50 3.78 9.7 0.8:1 0.0065:1 2.2:1 
Combined defoliation trials 
A-lOO 2.63 2.83 7.2 1.1:1 0.0066:1 2.7:1 
Blackhawk 2.45 2.75 6.5 1.1:1 0.0071:1 2.7:1 
Hark 2.47 3.32 8.3 1.3:1 0.0067:1 3.4:1 
Rampage 2.48 2.73 8.2 1.1:1 0.0055:1 3.3:1 
Defoliation week 1 
A-lOO 3.52 4.34 7.8 1.2:1 0.0093:1 2.2:1 
Blackhawk 3.34 4.34 6.7 1.3:1 0.0108:1 2.0:1 
Hark 2.74 3.63 7.8 1.3:1 0.0078:1 2.8:1 
Rampage 3.37 3.90 8.8 1.2:1 0.0074:1 2.6:1 
Defoliation week 2 
A-lOO 2.68 3.42 7.2 1.3:1 0.0079:1 2.7:1 
Blackhawk 2.53 3.10 8.8 1.2:1 0.0059:1 3.5:1 
Hark 2.46 3.60 9.1 1.5:1 0.0066:1 3.7:1 
Rampage 2.21 2.63 6.6 1.2:1 0.0066:1 3.0:1 
Defol iation week 3 
A-lOO 2.27 2.29 7.2 1.0:1 0.0053:1 3.2:1 
Blackhawk 1.94 2.15 6.4 1.1:1 0.0056:1 3.3:1 
Hark 2.53 3.59 5.9 1.4:1 0.0101:1 2.3:1 
Rampage 2.30 3.10 8.9 1.3:1 0.0058:1 3.9:1 
Defoliation week 4 
A-lOO 2.03 1.24 6.4 0.6:1 0.0032:1 3.2:1 
Blackhawk 1.90 1.27 4.4 0.7:1 0.0048:1 2.3:1 
Hark 2.13 2.45 10.4 1.2:1 0.0039:1 4.9:1 
Rampage 1.93 1.20 8.3 0.6:1 0.0024:1 4.3:1 
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Table 2. Mean 1968 varietal values for the combined defoliation trials 
(22 days from July 30 through September 1) and tf^^individual 
defoliation trials. Terms areas follows: LAI = m leaf area • 
m land area, NCE = g CO- •-m • br , EVTR = g H_0 • m 
min" and EVTR' = g HgO - m" • hr~ 
LAI NCE EVTR NCE:LAI NCE:EVTR' EVTR:: 
Combined defoliation i trials 
Blackhawk 2.69 2.22 5.2 0.8:1 0.0071:1 1.9:1 
Hark 2.62 2.50 5.7 1.0:1 0.0073:1 2.2:1 
Lindarin-63 2.83 2.52 5.5 0.9:1 0.0076:1 1.9:1 
Provar 2.87 2.48 5.8 0.9:1 0.0071:1 2.0:1 
Defoliation week 1 
Blackhawk 2.65 2.43 4.3 0.9:1 0.0094:1 1.6:1 
Hark 2.24 2.19 3.6 1.0:1 0.0101:1 1.6:1 
Lindarin-63 2.86 2.58 3.8 0.9:1 0.0113:1 1.3:1 
Provar 3.12 2.84 6.0 0.9:1 0.0079:1 1.9:1 
Defoliation week 2 
Blackhawk 2.71 1.85 4.6 0.7:1 0.0067:1 1.7:1 
Hark 2.26 1.96 5.4 0.9:1 0.0060:1 2.4:1 
Lindarin-63 3.08 1.80 5.0 0.6:1 0.0060:1 1.6:1 
Provar 2.67 1.85 5.3 0.7:1 0.0058:1 2.0:1 
Defoliation week 3 
Blackhawk 2.79 2.53 5.9 0.9:1 0.0071:1 2.1:1 
Hark 2.73 3.11 7.2 1.1:1 0.0072:1 2.6:1 
Lindarin-63 2.99 2.81 5.8 0.9:1 0.0081:1 1.9:1 
Provar 2.82 2.86 7.2 1.0:1 0.0066:1 2.6:1 
Defoliation week 4 
Blackhawk 2.74 2.19 6.7 0.8:1 0.0054:1 2.4:1 
Hark 2.90 2.27 5.6 0.8:1 0.0068:1 1.9:1 
Lindarin-63 2.69 2.74 6.7 1.0:1 0.0068:1 2.5:1 
Provar 2.91 2.37 5.9 0.8:1 0.0067:1 2.0:1 
Defoliation week 5 
Blackhawk 2.54 2.04 4.2 0.8:1 0.0081:1 1.7:1 
Hark 2.74 2.66 5.6 1.0:1 0.0079:1 2.0:1 
Lindarin-63 2.28 2.52 5.7 1.1:1 0.0074:1 2.5:1 
Provar 2.75 2.41 4.6 0.9:1 0.0087:1 1.7:1 
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normally occur over a day. Also, it is obvious that these data do not ac­
count for dark respiration, and it is conceivable this might change the 
varietal relationships. Nevertheless, it is probably fairly safe to as­
sume these varietal relationships to represent the seasonal varietal po­
tential. 
Hark had the largest mean NCE for 1967 ( Table 1, developmental and 
combined defoliation trials). In 1968 (Table 2) Hark, Lindarin-63 and 
Provar had mean NCE's that were probably not different. In six of the 
nine defoliation trials Hark had the largest NCE's. With the exception of 
three of the nine defoliation trials Hark also showed the highest NCE:LAI 
ratios. 
One of the objectives of this study was to examine the relationship 
between NCE's and canopy structure. An open canopy will allow more light 
to fall upon middle and lower leaves and it has been suggested this should 
result in a higher NCE under high radiation. Hark and Blackhawk were se­
lected to represent open canopies and the other varieties to represent 
closed canopies. Light penetration data showed Hark to have a more open 
canopy on only one occasion and Blackhawk on only one occasion. As pre­
viously discussed, light penetration measurements were difficult under 
conditions of the experiment and they left much to be desired, but I be­
lieve they were adequate to have shown canopy differences if there were 
differences. Only in one case where light measurements suggested canopy 
differences were differences in NCE's found. 
Dornhoff and Shibles (1970) concluded that diffusion resistances were 
largely responsible for varietal differences in soybean leaf NCE's. 
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During 1967 and 1968 the canopy with the lowest leaf resistance exhibited 
the greatest NCE in eight of the twelve groups of data analyzed. However, 
it must be noted that EVTR is one of the terms used in this study to cal­
culate leaf resistance, and evaporation from the soil could confound the 
data in a manner which results in resistance not being representative of 
the canopy. 
The varietal differences in canopy NCE's for the 1957 developmental 
data are similar to their grain yield differences (Clark et al., 1970) 
However, grain yield was not taken from these studies in 1967 or 1968, 
The 1967 data were taken from July 8 through August 31. The row 
width was 25 cms ; consequently, the canopies had closed in between the 
rows, or nearly so, prior to the first measurements. If earlier data 
were included the day effect would probably be more quadratic and show a 
greater effect of reproductive sink on NCE*s (Figure 7). 
In general, the time of day effect on NCE's are as I would expect — 
such as, the reduction in exchange rates due to reduced ambient CO^ concen­
tration. However, correlations of time with other factors may show up as 
a time effect. But, I believe the stepwise method of model building does 
the best job of reducing the consequences of correlations between vari­
ables, and under field conditions, it is not possible to control the en­
vironment. Consequently, there will be some correlations of variables. 
The air and leaf temperature effects on NCE's are minimal, and when 
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the ranges of temperatures of this study are noted, this is what would be 
expected. 
Treharne and Eagles (1970) reported a good correlation between the 
activity of RuDP carboxylase and NCE's of two climatic races of orchard 
grass. Consequently, I propose that stomatal and laminar leaf resistances, 
and carboxylation efficiency are largely responsible for varietal differ­
ences in NCE's within and between years. Admittedly, this data can not 
be used to substantiate ny proposal. However, I believe the work of others 
reported herein, as well as these data, do indicate that experiments de­
signed to investigate these relationships would prove fruitful. 
Evapotranspiration 
Technique 
Psychrometric measurements are difficult, to say the least. The wet 
bulbs must be wrapped with enough wicking material to provide maximum 
evaporation without shielding the thermal junction from the cooling effect 
of the evaporating water. Standard gasses can be secured to calibrate an 
infrared gas analyzer, but I know of no standards for a psychrometer, es­
pecially when the volume of air is as great as that used in these studies. 
The method of wrapping the wet bulbs in 1967 seems satisfactory — 
at least they didn't dry out. Temperature data for 1967 was fairly vari­
able; however, it was not a question of instrument accuracy. Several out­
let air temperatures were made at one location during the time (5-minutes) 
a chamber was being analyzed. Temperature at a particular location varied 
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several degrees and it was difficult to decide upon a mean temperature. 
Consequently, it was decided to place pieces of copper (3/16-inch by 1/2-
inch) over the thermal junction in an attempt to damp the response for 
1968. Although tests were conducted prior to going to the field, it was 
discovered that the wet bulbs would become dry under high demand condi­
tions. Drying-out is a slow process, and when data are recorded on a chart 
it is difficult to notice that it is occurring. However, between weeks 2 
and 3 the method of wrapping the wet bulbs was changed. A shoestring was 
used to cover the copper tip and also serve as a wick. Following this 
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adjustment the R for EVTR equations were generally excellent, which in­
dicates satisfactory technique. 
Year 
EVTR rates shown in the various figures for 1968 are considerably less 
than those shown for 1967. Although the aforementioned problem may account 
for this the first two weeks of 1967, the differences in EVTR rates still 
were present during the last three weeks when the psychrometers were func­
tioning properly. As discussed previously border effects and/or lack of 
turbulence can account for some of the differences. However, I do not 
believe they can account for all of the differences. Visual moisture 
stress did not occur more often in 1968 than in 1967. Consequently, mois­
ture stress can not account for the 2.2 fold increase in leaf resistances. 
I propose the increased resistances in 1968 resulted primarily from reduced 
stomatal aperture and/or stomatal number. However, I do not have stomatal 
count or aperature data to substantiate my proposal. Furthermore, I 
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propose that within-year varietal differences in EVTR rates are due to 
varietal differences in leaf resistances, resulting from differences in 
stomatal aperture and/or stomatal number. 
Defoliation 
Comparisons of EVTR rates, at equal LAI's, for 1967 developmental 
and combined defoliation trials (Figures 10 and 11 and Figures 20 and 21, 
respectively) show that EVTR rates are greater for the plants that have 
been partially defoliated, Meidner (1969, 1970a) reported increased sto­
matal conductance (1/rg) of Phaseolus vulgarus four days after partial de­
foliation. Leaf resistance in this study is composed of laminar and sto­
matal resistances, plus some factor related to evaporation from the soil 
surface, since EVTR is used to calculate leaf resistance. If laminar re­
sistance is assumed to be small compared to stomatal resistance and if it 
changes little with defoliation, then differences in canopy resistance 
following partial defoliation would be primarily related to stomatal resis­
tance. Thus, changes in EVTR rates following partial defoliation could 
be primarily due to reduced stomatal resistance. 
Alternatively, apparent leaf resistance could also be reduced follow­
ing partial defoliation if evaporation from the soil surface is increased 
to more than offset the transpiration of the leaves removed. Also, 
Dornhoff (1969) reported greater resistances in the older soybean leaves. 
Therefore, removal of leaves estimated to comprise the lower one-half of 
the canopy would result in removal of the older leaves and this could also 
reduce leaf resistance. 
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Varietal 
Figures 44 and 45 show that it is generally possible to predict the 
1968 relationships between Hark's NCE and the NCE's of the other varieties 
by checking their EVTR relationships, or vice versa. This is also possible 
for the 1967 data (Figures 3 and 4); however, the correlation between NCE 
and EVTR is not as high in 1967 as in 1968. 
The day effect on varietal EVTR rates for the defoliation data (Fig­
ures 22 and 53), with a couple of exceptions, are not very great, and when 
I consider the terms contained in the models, I would not expect a day 
effect. However, the day effect for the developmental data (Figure 12) 
is considerable, and except for the correlation of day and LAI  think of 
no explanation for the effect. 
The time of day effect on varietal EVTR rates should be minimal. Con­
sequently, correlative effects being shown as time effects is ny only sug­
gestion for their presence (Figures 12, 23 and 54). 
Increased air temperature should and did result in increased EVTR for 
the 1967 data (Figures 1 and 24). However, 1968 data (Figure 55) show 
reduced EVTR in response to increased leaf temperature. This is probably 
the correct response because if the leaves are increasing in temperature 
it may be due to the lack of water for transpiration. 
Tables 1 and 2 show the mean varietal values for 1967 and 1968, re­
spectively. Table 1 shows that Hark, Blackhawk and A-lOO have essentially 
the same developmental NCE:EVTR' ratio. The NCE;EVTR' ratio may be con­
sidered as an estimate of varietal seasonal water use efficiency, with 
reservations as discussed for NCE. 
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Hark has the highest EVTR:LAI ratio and exhibited the lowest leaf 
resistance in the developmental trial. 
Doraiswamy and Rosenberg (1971) reported that coating a field of ir­
rigated soybeans in 1969 with white kaolinite clay decreased the water 
vapor flux, but did not reduce NCE. The experiment was repeated in 1970, 
but they were unable to measure an increase in seed yield due to the treat­
ment. 
The variety with the highest NCE also had the highest EVTR (Tables 1 
and 2) in eight of the twelve groups of data analyzed. Table 65 of Ap­
pendix B shows a correlation (r = 0,62) between NCE and EVTR and Figure 
14 shows that all varieties have a fairly large increase in EVTR as air 
temperature is increased. Consequently, I propose that it may be possible 
to reduce transpiration by increasing albedo, genetically or mechanically, 
without adversely affecting NCE or grain yield. But, if transpiration is 
reduced by increasing stomatal resistance and/or reducing stomatal number, 
I would expect NCE and grain yield to be decreased. 
The variety with maximum NCE also has the maximum NCE:EVTR' ratio in 
only five of the twelve groups of data analyzed, NCEzEVTR in the 1967 
developmental data for Hark and Blackhawk are probably not different, but 
Hark*s NCE is very likely greater than that of Blackhawk, Consequently, 
I wouldn't expect selection of genotypes with high NCEzEVTR' ratios neces­
sarily to have high photosynthesis and high grain yields, and I would 
question the advisability of selecting lines on such a basis. 
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SUMMARY 
NCE's and EVTR rates in 1968 were considerably less than those of 1967. 
The same chambers were not used both years; therefore, the difference in 
exchange rates could have resulted from low internal chamber turbulence in 
1968 and/or physiological differences in plant material. The data do not 
give direct support to either cause. 
The soybean varieties exhibited significant (17=. level) differences in 
NCE's in all of the twelve groups of data analyzed and differences in EVTR 
rates in eleven (10 at 1% and 1 at 5%) of the twelve groups of data. 
The 1967 full canopy mean exchange data can be considered as estimates 
of seasonal photosynthetic potential, leaf area efficiency and water use 
efficiency. Hark exhibited the highest NCE and the highest NCE:LAI ratio; 
however, three varieties had the same NCE:EVTR' ratio. The variety with 
the highest NCE also had the highest EVTR in eight of the twelve groups of 
data analyzed. Consequently, it seems that the possibility of increasing 
NCE without increasing EVTR is unlikely. 
It is believed the major causes for varietal differences in NCE's and 
EVTR rates within and between years are leaf resistances due to stomatal 
number and/or aperture and differences in carboxylation efficiency, but 
these attributes were not investigated. There were no consistent differ­
ences in canopy extinction coefficients. 
The most significant variables in the NCE models for full canopies 
were: the LAI by solar radiation interaction, leaf resistance and solar 
radiation. Those most significant for the EVTR models were: leaf 
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resistance, vapor pressure deficit of the air and air temperature. With 
the defoliation models LAI was generally present in addition to those just 
listed. 
NCE's generally increased until midway through the season and then 
declined. These changes were probably in response to changes in repro­
ductive demand. Also, they generally declined throughout the day, but in 
some instances they increased slightly until midday and then declined, 
possibly due to product inhibition and/or changes in CO^ concentration of 
the ambient air. 
EVTR rates generally increased until midway through the season and 
then declined. 
Removal of leaves constituting the lowest one-half of the canopy 
did not reduce NCE appreciably and in most of the nine trials, especially 
at low solar radiation, resulted in increased NCE's. The latter response 
is thought to be due to the removal of leaves below their light compensation 
point and/or changes in the sink:source ratio. 
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APPENDIX A 
1. The derivation of the évapotranspiration (EVTR) equation used 
is from equations [12] and [13] (Slatyer and Bierhuizen, 1964) as follows: 
^0 - [12: 
^wi - ^Di = [13: 
= saturation vapor pressure (mm Hg) at TWO 
= saturation vapor pressure (mm Hg) at TDO 
k = psychrometric constant (0.5 mm Hg • °C ^) 
TDO = temperature (°C) of dry bulb after chamber (equal to TDI) 
TWO = temperature (°C) of wet bulb after chamber 
e^j = saturation vapor pressure (mm Hg) at TWI 
e^jjj = saturation vapor pressure (mm Hg) at TDI 
TDI = temperature (°C) of dry bulb before chamber (equal to TDO) 
TWI = temperature (°C) of wet bulb before chamber 
Substracting equation [12] from equation [13] and substitutingAe 
for (e^QQ - e^g^) results in the following: 
Ae = k(TWO - TWI) + (e^Q - e^) [14] 
which on rearrangement gives the following: 
Ae = (kTWO + e^g) - (kTWI + e^^) [15] 
If the dry bulb temperatures, before the chamber (TDI) and after the 
chamber (TDO), are not equal they will not cancel when equation [12] is 
subtracted from equation [13]. Therefore, instead of equation [15] the 
following will result: 
Ae = [k(TWO - TDO) + e^^] - [k(TWI - TDI) + e^J [16] 
203 
The conversion from mm Hg to g H^O • m ^ requires equation [17] 
(Slatyer and Bierhuizen, 1964). 
C = ^/ e ) = (?/e ) Ae [17] 
w s s 
-3 
= water vapor concentration (g H^O • m ) 
e^ = saturation vapor pressure (mm Hg) at TDD (which equals TDI) 
P= density of water vapor (g H,0 • m ^) in saturated air at TDI 
If the dry bulb temperatures are not equal will not be a common 
term, but instead will be e^^^ and e^^^; and consequently equation [16] 
would be modified as follows : 
[k(TWO-TOO) + [k(TWI-TDI) + e^j] [181 
- 2  .  - 1  To convert C to évapotranspiration (EVTR) in g H-0 • m • min , 
it is necessary to consider the flow rate through the system per minute 
2 (F) and m of land area (A). The final equation for évapotranspiration 
is as follows: 
[KCWO-IDO) + ^J] - [U(TOI-TDI) + e„J 
1DO iDl 
EVTR = T 
A 
[3] 
II. The derivation of the equation for vapor pressure deficit of 
the air within the chamber (VPDC) is from equation [19] (Slatyer, 1967) 
as follows: 
sd = e° - e [19] 
sd = saturation deficit (g H^O . m ) and herein identified as VPDC 
e° = saturation vapor pressure (tnm Hg) at dry bulb temperature, therefore, 
^ it is equal to e^^^ of equation [12] 
e = actual vapor pressure (mm Hg), therefore, it is equal to e -
k(TDO-TWO) of equation [12] 
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inserting the new terms results in the following: 
VPDC = - [e^^Q - k(TDO-TWO)J [20] 
which with rearrangement results in the following: 
VPDC = - [k(TWO-TDO) + e^j [21] 
If the temperature of the dry bulbs, before the chamber (TDI) and 
after the chamber (TOO), are not equal it is necessary to make an adjust­
ment in the actual vapor pressure as follows: 
= 'TOO - [[KIWO-TM) + [(TPI«D0)/2 + C| 122, 
C = constant (273.2) to convert °C to °K 
Modifying [22] to convert VPDC in mm Hg to g H^O • m ^ gives the 
following: 
CTDO - " '1] VPDC = ®TDO L 
III. The derivation of the leaf resistance to water vapor diffusion 
(R^) equation is from equation [23] (Slatyer, 1967) as follows: 
r . - % [231 
" Ë 
r^ = crop resistance (sec • cm ^) to water vapor diffusion 
c°(t ) = saturation vapor pressure at the effective surface temperature 
° (which is assumed equal to the chamber outlet temperature, there­
fore, c (t^) is equal to e^ of equation [19]) 
c = actual vapor pressure at effective crop surface (which is assumed 
equal to the actual vapor pressure of the chamber outlet, therefore, 
c is equal to e of equation [19]) 
-2  -1  E = évapotranspiration (EVTR) (g H^O • m . min ) 
Therefore c°(t^) - c^ is equal to VPDC of equation [4] 
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r = (VPDC • 0.5) / EVTR [24] 
n 
-1 -1 0.6 = constant to convert units from min • m to sec • cm 
Evapotranspiration is usually given in weight of water per unit 
of land area per unit time, therefore, it is necessary to consider LAI. 
And EVTR is divided by LAI to convert the term to leaf area units and re­
sults in the following: 
= (VPDC • LAI • 0.6) / EVTR [5] 
IVo The derivation of the equation for vapor pressure deficit of 
the inlet air (VPDI) is from equation [19] (Slatyer, 1967) as follows: 
, o 
sd = e - e 
a 
sd = saturation deficit (g H^O • m ^) and herein identified as VPDI 
e° = saturation vapor pressure (mm Hg) at dry bulb temperature, therefore, 
^ it is equal to e^^^ equation [13] 
e = actual vapor pressure (mm Hg), therefore, it is equal to e^^ -
k(TDI-TWI) of equation [13] 
inserting the new terms results in the following 
VPDI = - [e^wi " ^(TDI-TWI)] [25] 
which with rearrangement results in the following: 
VPDI = - [k(TOI.IDI) + [26, 
-3 Modifying [26] to convert VPDI in mm Hg to g HO • m gives the 
following: 
e 
VPDI = 
®TDI 
«IDI - ["(«I-TDD + 161 
Vo The derivation of the CO^ exchange (NCE) equation is as follows: 
NCE =^2 ' 10 * ' F ' (44.01 K COg ' [27] NCE. A • R • T I J 
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-2 -1 NCE = COg exchange (g CO^ • m • hr ) 
ACO2 = [COjI.^ - (pp.) 
F = flow rate (1 • hr 
2 A = land area (m ) 
R = gas constant (0,08205 1 • mole ^ • °K at 1 atm) 
T = temperature (°K) (TDI + TDO) / 2 + 273.2° C 
By consolidating constants the equation may be reduced to: 
NCE - F - K [7] 
A • T 
K = constant (0.00053638) 
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Table 3. 1967 developmental variables, coefficients and t-values 
Variable 
NCE 
Coeff. 
EVTR 
t-value Coeff. t-value 
X, 
Xç 
X, 
X. 
X 
X 
X 
10 
41 
12 
'13 
'l4 
'l5 
46 
17 
^8 
49 
Constant 
day 
(day)2 
A-lOO 
Blackhawk 
Rampage 
time 
_ . .2 (time) 
TOO 
(TDO)^ 
LAI 
(LAI)^ 
ly 
2 (ly) 
day * Lifûs 
day • TDO 
LAI • ly 
VPDI 
R? 
residual d,f. 
t-value for 5% 
- 1.128 8.52 
0.02178 0.60 0.3012 0.52 
- 0.0008692 - 3.35 - 0.002050 - 5.06 
- 0.7740 -11.19 0.2069 1.92 
- 0.6861 -10.55 0.2338 2.30 
- 0.6912 -11.61 - 0.002654 - 0.03 
- 0.1811 - 1.41 - 0.4951 - 2.47 
- 0.002778 - 0.58 0.01251 1.68 
0.2836 1.64 - 0.4690 - 1.74 
- 0.003365 - 1.23 0.01073 2.53 
- 0.3437 - 9.23 - 2.642 -45.31 
0.02189 6.51 0.1394 26.63 
0.6649 3.85 2.128 7.43 
- 0.08439 - 4.92 - 0.2412 - 8.32 
0.2245 0.49 0.3437 0.46 
- 2.611 -13.41 - 0.1833 - 0.59 
0.006349 8.93 0.01052 9.35 
- 0.003163 - 4.24 - 0.001161 - 0.97 
1,360 22.05 0.5717 5.89 
0.4861 34.58 
0.90 0.91 
1076 1075 
= 1.96 and for 17o = 2.58 
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Table 4. 1967 combined defoliation variables, coefficients and 
t-values 
NCE EVTR 
Variable Coeff. t-value Coeff. t-value 
X 
X 
10 
^11 
'l2 
13 
'l4 
^15 
^16 
^17 
18 
(l9 
Constant 
day 
(day)^ 
A-lOO 
Blackhawk 
Rampage 
time 
2 (time) 
TOO 
(TDO)^ 
LAI 
(LAI)^ 
ly 
(ly)2 
day - tin;2 
day • TDO 
LAI • ly 
VPDI 
r2 
residual d.f. 
c-value for 5% 
-19.238 
0.5679 
- 0.004648 
- 0.2837 
- 0.2013 
- 0.4619 
- 0.1647 
- 0.002141 
0.6323 
- 0.003458 
- 0.6585 
0.4854 
1.376 
- 0.1832 
2.851 
- 1.550 
0.004501 
- 0.009039 
0.5115 
12.75 
-11.70 
- 5.55 
- 3.83 
- 9.17 
- 1.49 
- 0.56 
8.56 
- 2.85 
-14.36 
8.51 
21.28 
-22.39 
9.07 
- 8.77 
4.93 
-11.10 
14.69 
0.85 
1415 
= 1.96 and for 1% = 2.58 
-12.51 
0.0126 
0.002866 
- 0.7637 
- 0.5448 
- 0.4542 
1.334 
- 0.5141 
0.2726 
0.006865 
- 2.962 
0.2202 
2.854 
- 0.2600 
3.234 
- 0.8791 
0.002238 
- 0.01302 
- 0.09237 
0.4680 
0.87 
1414 
0.16 
4.09 
- 8.47 
- 5.86 
- 5.09 
6.84 
- 7.66 
2.05 
3.00 
-36.49 
21.81 
24.81 
-17.56 
5.83 
- 2.83 
1.39 
- 9.05 
- 1.50 
32.24 
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Table 5. 1967 sums of squares and F-values due to varieties 
NCE EVTR 
S.S. M.S. F S.S. M.S. F 
Developmental 
Full model 
Reduced model 
Varieties (3) 
Residual (full) 
3556.011 10091.840 
3493.334 10082.178 
62.677 20.892 54.83 9.662 
(1076) 0.381 (1075) 
3.221 
0.921 
3.50 
Combined defoliation 
Full model 
Reduced model 
Varieties (3) 
Residual (full) 
3542.185 
3503.278 
38.903 
(1415) 
12.969 28.88 
0.447 (1414) 
12765.703 
12660.792 
104.911 34.997 25.07 
1.396 
Defoliation week 1 
Full model 976.048 
Reduced model 961.628 
Varieties (3) 14.420 
Residual (full) (372) 
2075.810 
2068.648 
4.807 14.05 7.162 
0.342 (371) 
2.387 
0.490 
4.87 
Defoliation week 2 
Full model 875.666 
Reduced model 867.205 
Varieties (3) 8.461 
Residual (full) (319) 
4694.742 
4632.339 
2.820 15.58 62.403 20.801 27.05 
0.181 (318) 0.769 
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Table 5. (Continued) 
NCE EVTR 
S.S. M.S. F S.S. M.S. F 
Defoliation week 3 
Full model 623.342 2550.072 
Reduced model 583.538 2525.199 
Varieties (3) 39.804 13.268 64.10 24-873 8.291 5.10 
Residual (full) (344) 0.207 (343) 1.626 
Defoliation week 4 
Full model 218.956 3982.799 
Reduced model 179.399 3871.211 
Varieties (3) 39.399 13.133 147.56 111.588 37.196 40.97 
Residual (full) (342) 0.089 (341) 0.908 
F-value at 3/cd for 5% = 2.60 and for 1% = 3.78 
Table 6 .  A-lOO 1967 developmental NCE and EVTR variables, coefficients, F-values and means 
NCE EVTR 
Variable Coeff. F-value Coeff. F-value Mean 
X, 
X, 
X 10 
41 
42 
^4 
<16 
47 
Constant 
day 
(day)^ 
time 
(time)^ 
TDO 
(TDO)^ 
LAI 
(LAI)^ 
ly 
(ly)^ 
day ' 
day ' 
LAI ' 
VPDI 
(VPDI)^ 
r2 
residual d.f. 
F-value at 15/œ 
time 
TDO 
ly 
- 1.924 
- 0.001885 
- 0.3504 
0.7263 
- 0.01118 
- 0.3942 
0.02248 
-  1.120 
0.07091 
- 1.472 
- 2.537 
0,009395 
- 0.001448 
1.596 
23.70 
112.53 
11.87 
10.46 
6 2 . 0 8  
41.67 
10.32 
4.58 
4.18 
77.66 
96.69 
2 . 8 8  
283.07 
28.77 
- 0.003179 
0.7745 
- 0.03530 
- 2.531 
0.04198 
- 2.194 
0.1018 
2.700 
- 0.3599 
- 2.339 
0.007572 
0.003646 
0.9668 
1.284 
- 0.032 9 
0.95 
242 
for 57o = 1.67 and for 17» = 2,04 
0,94 
240 
16.14 
4.27 
6.52 
28 .81  
30,38 
454.03 
207.39 
9.40 
18.16 
5.02 
14.98 
3.80 
25.58 
189.13 
74.55 
2 8 . 1  
1005.8 
14.4 
213.54 
29.9 
900.7 
2.58 
10.29 
4.76 
23.94 
0.84 
0.8340 
405.6 
829.0 
3.9559 
11.52 
148.66 
Table 7. Blackhawk 1967 developmental NCE and EVTR variables, coefficients, F-values and means 
NCE EVTR 
Variable Coef f. F-value Coeff. F-value Mean 
X, 
X. 
X 
10 
41 
^12 
43 
^4 
45 
46 
17 
Constant 
day 
(day)^ 
time 
(time)^ 
TDO 
2 (TDO) 
(%L) 
lAI 
(lAI)^ 
ly 
(ly)^ 
day • 
day < 
LAI ' 
VPDI 
(VPDI)^ 
r2 
residual d.f. 
F-value at 15/m 
time 
TDO 
ly 
- 0.044 
- 0.001442 
0.2123 
- 0.01723 
0.1542 
0.009389 
0.8486 
0.1067 
2.642 
0.006801 
0.001404 
1.397 
37.90 
1.87 
8.64 
5.19 
2 . 6 8  
6 . 8 2  
10.62 
206.4 
60.63 
8.48 
522.83 
19.06 
- 0.004139 
0.8198 
- 0.04043 
-  1.801 
0.02993 
- 2.451 
0.1385 
2.805 
- 0.3728 
- 3.059 
0.01043 
0.004442 
0.9345 
1.118 
- 0.02489 
0.94 
264 
for 57o = 1.67 and for 1% = 2.04 
0.96 
260 
67.31 
8.02 
13.51 
19.87 
21.46 
523.83 
231.99 
15.36 
24.48 
14.55 
44.76 
12.74 
39.92 
261.06 
90.80 
27.8 
985.0 
14.4 
214.22 
30.2 
920.0 
2.71 
11.03 
4.66 
23.101 
0.84 
0.8179 
403.1 
8 2 6 . 1  
3.8279 
11.96 
160.44 
Table 8. Hark 1967 developmental NCE and EVTR variables, coefficients, F-values and means 
NCE EVTR 
Variable Coeff. F-value Coeff. F-value Mean 
Constant 4.330 49.68 
^1 day - 0.1553 3.10 26.8 
^2 (day)^ - 0.003727 102.08 930.9 
S time - 0.6107 5.94 14.6 
(time)^ 0.01336 2.16 219.80 
S TOO 0.1541 28.64 - 3.251 37.79 30.3 
xs (TDO)^ 0.5194 41.72 929.0 
4 - 0.7575 33.34 - 3.812 494.04 1.94 
^8 (*L) 0.07599 14.33 0.3020 125.71 4.88 
^9 LAI 4.10 
^10 0.01749 2.12 18.497 
^11 ly 9 
1.659 47.16 0.84 
^12 (ly) - 2.486 97.98 0.8232 
Xl3 day • time 0.006605 27.24 0.003059 6.94 391.0 
^14 day • TDO - 0.004882 61.86 0.01438 33.99 794.3 
^15 LAI • ly 1.535 277.09 3.3836 
*16 VPDI O 
1.215 180.43 11.73 
*17 (VPDI) n 
- 0,02973 71.98 153.44 
0.91 0.94 
residual d. f. 266 265 
F-value at 15/00 for 57o = 1. 67 and II 2.04 
Table 9. Rampage 1967 developmental NCE and EVTR variables, coefficients, F-values and means 
NCE EVTR 
Variable Coeff. F-value Coeff. F-value Mean 
Constant - 5.114 31.79 
"l day 0.2248 6.38 - 0.6561 37.57 27.1 
(day)^ - 0.001726 6.16 0.002604 11.41 949.3 
X3 time - 1.051 10.39 14.6 
(time)^ - 0.008519 18.16 0.02688 5.08 217.82 
s 
TOO - 1.663 12.57 30.1 
"6 (TDO)^ 0.001757 5.07 0.02769 14.03 914.0 
x_ RT - 0.1552 7.81 - 3.227 372.80 2.03 7 L 9 
^8 (*L) 0.2546 127.33 5.41 
LAI 3.308 39.35 1.969 63.47 4.51 
^10 (LAI)2 - 0.4265 69.50 21,705 
^11 ly 1.092 1.32 0.83 
^12 (ly)^ - 2.923 48.59 0.4321 1.57 0.8084 
^13 day • time 0.004882 9.62 0.01015 34.00 392.7 
^14 day • TDO - 0.007275 21.21 0.009499 21.35 
804.9 
^15 LAI . ly 1.290 103.02 0.2712 6.15 3,6768 
*16 VPDI 0 
1.214 327.70 12.18 
*17 
(VPDI) 
0 
- 0.02412 10.71 168.92 
R2 0.86 0.94 
residual d. f. 273 270 
F-value at 15/OD for 57o = 1.67 and 0
 
I-T I-»
 
II 2.04 
Table 10. A-lOO 1967 combined defoliation NCE and EVTR variables, coefficients, F-values and means 
NCE EVTR 
Variable Coeff. F-value Coeff. F-value Mean 
Cons tant -18.803 - 5.71 
^1 day 0.4924 57.19 48.9 
(day)^ - 0.002791 21.78 2461.6 
^3 time - 0.2483 13.54 1.733 18.23 13.6 
(time)^ - 0.06118 15.68 193.02 
S TDO 0.7662 144.11 - 0.5002 4.02 27.4 
(TDO) 0.007086 2.35 767.7 
^7 - 0.7677 81.32 - 2.268 109.94 1.53 
^8 (R,,) 0.060902 42.83 0,1807 43.51 3.57 
S LAI 1.160 173.27 2.548 163.26 2.63 
^0 
(LAI)2 
- 0.1484 191.11 - 0.2302 61.35 10.045 
^11 ly 2.871 35.53 5.258 17.74 0.81 
^12 (ly)^ - 1.569 33.64 - 2.025 7.49 0.7911 
^3 day • time 0.005569 16.93 668.6 
^14 day • TDO - 0.01514 156.32 1351.1 
^15 LAI . ly 0.4824 111.40 2.1108 
*16 VPDI 0.4823 135.85 11.53 
*17 (VPDI)^ 9 
126.37 
R^ 0.93 0.80 
residual d. f. 341 343 
F-value at 15/œ for 57, = 1.67 and for 17. = 2.04 
Table 11. Blackhawk 1967 combined defoliation NCE and EVTR variables, coefficients, f-values and means 
NCE EVTR 
Variable Coeff. F-value Coeff. F-value Mean 
Constant 10.214 -39.42 
day - 0.3103 14.48 1.167 54.80 48.9 
X, (day)^ 0.002266 7.95 - 0.005438 13.73 2445.4 
s 
time 13.7 
(time)^ - 0.003304 1.29 194.33 
=<5 TDO 0.7214 11.55 27.6 
«6 (TDO)^ 0.01074 8.99 776.9 
'L 2 
- 0.8300 115.27 - 2.104 273.48 1.63 
*8 0.05034 46.74 0.1215 101.73 4.81 
LAI 1.002 101.78 3.568 358.14 2.45 
"lO (LAI)2 - 0.1120 62.18 - 0.3757 240.10 9.015 
xn 2 
2.089 49.12 0.84 
"12 (ly) 0.8256 
X.3 day • time 0.002179 2.05 669.0 
day • TDO - 0.02498 109.14 1354.5 
*15 LAI • ly 0.5477 195.81 - 0.1487 2.34 2.0292 
"16 VPDI 2 
0.4142 291.38 10.06 
"17 (VPDI) 0 
118.28 
R 0.89 0.92 
residual d .f. 346 343 
F-value at IS/OD act 57„ = 1.67 and for VL = 2.04 
Table 12. Hark 1967 combined defoliation NCE and EVTR variables, coefficients, F-values and means 
Variable 
NCE EVTR 
Mean Coeff. F-value Coeff. F-value 
Constant -26.358 - 9.67 
"l day 0.8427 92.39 - 0.2509 3.16 48.9 
X, (day)^ - 0.007945 118.40 0.004053 11.63 2454.0 
X3 time - 0.2657 9.68 1.014 11.13 13.7 
X, (time)^ - 0.03427 8.65 194.68 
s 
TOO 0.6096 15.81 0.8487 12.18 27.4 
X6 (TDO)^ - 0.005090 4.14 - 0.007257 3.46 763.0 
- 0.5777 16.47 - 5.459 558.56 1.26 
^8 0.05851 6.28 0.5643 229.65 2.36 
LAI 1.769 150.59 2.167 115.53 2.47 
==10 (IAI)2 - 0.2693 186.78 - 0.1219 13.19 8.288 
*11 ly 3.318 28.83 1.264 21.74 0.82 
"12 (ly)^ - 1.856 31.99 0.8073 
^13 day • time 0.004689 7.34 670.0 
^14 day • TOO - 0.006185 15.72 - 0.006678 7.66 1343.9 
^15 LAI • ly 0.5697 60.75 2.0050 
*16 VPDI 0 
0.4464 262.35 10.11 
*17 (VPDI) 0 117.19 
0.83 0.91 
residual d. f. 346 347 
F-value at 15/oo for 57o = 1,67 and for 17o = 2.04 
Table 13. Rampage 1967 combined defoliation NCE and EVTR variables, coefficients, F-values and means 
Variable 
NCE EVTR 
Coeff, F-value Coeff. F-value Mean 
X, 
X, 
X 
'10 
^11 
12 
^13 
44 
^5 
X 
16 
17 
Constant 
day 
(day)^ 
time 
2 (time) 
TDO 
(TDO) 
LAI 
(LAI)^ 
ly 
(ly)^ 
day < 
day < 
LAI ' 
VPDI 
(VPDI)^ 
residual d.f, 
F-value at 15/OD 
time 
TDO 
ly 
-31.181 
1.017 
- 0.007834 
0.5501 
0.1343 
0.1360 
2.175 
0.2829 
2.497 
1.131 
0.01125 
0.3747 
148.42 
103.58 
52.66 
106.53 
38.98 
317.82 
302.82 
24.82 
13.45 
58.68 
38.27 
- 2.91 
- 0.3607 
0.006397 
1.763 
- 0.06632 
0.2399 
0.01052 
- 3.360 
0.3352 
2.357 
-  0.2616 
1.748 
- 0.8357 
- 0.01469 
0.1369 
0.5244 
0.86  
350 
for 5% = 1.67 and for 1% = 2 
0.92 
346 
8.38 
30.66 
56.18 
54.59 
1.72 
10.35 
291.73 
117.31 
171.18 
128.60 
5.03 
3.46 
44.66 
2.40 
392.23 
48.9 
2450.5 
13.6 
191.90 
27.5 
769.3 
1 . 2 0  
2.24 
2.48 
8.813 
0.80 
0.7716 
664.7 
1352.0 
1.9641 
10.88 
141.34 
.04 
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Table 14. 1967 defoliation week 1 variables, coefficients and 
t-values 
Variable 
NCE EVTR 
Coeff. t-value Coeff. t-value 
X, 
X, 
X 
10 
41 
42 
43 
44 
15 
Constant 
A-lOO 
Blackhawk 
Rampage 
time 
_ . ,2 (time) 
TDD 
(TDO)^ 
LAI 
(LAI)^ 
ly 
(ly)^ 
LAI . ly 
VPDI 
residual d.f. 
t-value for 5% 
•19.010 -17.62 
0.1830 1.86 - 0.1671 - 0.12 
0.2437 2.54 0.1180 1.04 
0.3638 - 3.50 0.4286 3.41 
0.1622 0.80 1.369 3.76 
0.006781 - 0.91 - 0.05300 - 3.73 
1.380 5.42 0.5874 1.95 
0.2692 - 5.63 - 0.001532 - 0.27 
0.7332 - 4.35 - 4.493 -22.63 
0.09088 2.67 0.5124 12.66 
1.811 11.42 3.411 17.95 
0.2391 -10.22 - 0.3908 -14.11 
2.137 3.92 - 2.075 - 2.48 
1.147 - 4.29 0.5357 1.59 
0.6195 9.77 0.06793 0.89 
0.3617 8.58 
0.88 
372 
= 1.96 and for 17» = 2.58 
0.92 
370 
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Table 15. 1967 defoliation week 2 variables, coefficients and 
t-values 
NCE EVTR 
Variable Coeff. t-value Coeff. t-value 
Constant - 2.923 - 0.48 
A-lOO - 0.06710 - 0.89 - 1.286 - 8.29 
Xz Blackhawk - 0.2921 - 4.00 - 1.098 - 6.61 
Rampage - 0.4363 - 5.66 - 1.090 - 6.76 
^4 time - 0.03715 - 0.24 2.239 3.77 
X; (time) 0.0004529 0.08 - 0.08121 - 3.50 
X, TOO 0.1860 1.95 - 0.9984 - 4.96 
X, (TDO)^ - 0.003356 - 1.93 0.0211 5.48 
Xg 
2 
- 0.4709 - 4.74 - 3.171 -14.83 
Xg 0.04855 4.38 0.2514 10.93 
"lO LAI 
*) 
1.569 14.55 1.790 7.21 
(LAI) - 0.2206 -16.59 - 0.09806 - 2.74 
ly 4.545 9.88 2.029 1.79 
^13 
(iy)2 
- 2.623 -10.45 - 0.2610 - 0.49 
LAI . ly 0.6805 12.44 - 0.1249 - 1.10 
"15 VPDI 2 
0.4245 8.66 
R 0.94 0.95 
residual d.f. 316 314 
t-value for 5% = 1.96 and for 1% = 2.58 
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Table 16. 1967 defoliation week 3 variables, coefficients and 
t-values 
NCE EVTR 
Variable Coeff. t-value Coeff. t-value 
Constant - 3.030 8.49 
^1 A-lOO - 1.004 -12.95 - 0.7341 - 3.26 
Blackhawk - 0.8542 -11.05 0.2297 0.88 
Rampage - 0.5986 - 6.93 - 0.4427 - 1.65 
time 0.6893 3.78 - 0.6890 - 0.73 
S (time)^ - 0.02764 - 3.96 0.02165 0.58 
TOO - 0.01230 - 0.06 - 0.4654 - 0.81 
(TOO) ^  - 0.00033365 - 0.09 0.01251 1.23 
x_ - 0.3952 - 3.69 - 4.384 -14.57 8 L 2 
^9 (&L) 0.04035 2.92 0.4431 11.45 
^10 LAI 9 
1.540 15.79 3.993 11.26 
^11 (LAI)^ - 0.2444 -20.60 _ 0.3846 - 7.52 
Xl2 ly 2.783 4.59 - 0.1124 - 0.06 
^13 
(iy)2 
- 1.936 - 5.53 0.1655 0.02 
Xl4 LAI • ly 0.6327 11.58 0.09550 0.61 
Xl5 VPDI 0.4629 6.57 
0.90 0.82 
residual d.f. 344 342 
t-value for 5% = 1.96 and for 17o = 2.58 
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Table 17- 1967 defoliation week 4 variables, coefficients and 
t-values 
NCE EVTR 
Variable Coeff. t-value Coeff. t-va lue 
Constant - 1.667 - 4.27 
^1 A-lOO - 0.9836 -17.12 - 1.597 - 7.26 
Blackhawk - 0.7896 - 9.91 - 2.354 - 8.65 
Rampage - 0.9717 -18.82 - 1.837 - 8.70 
time 0.3693 2.81 0.9330 1.16 
S (time)^ - 0.01295 - 2.61 - 0.03419 - 1.09 
=<6 TOO - 0.06371 - 0.89 - 0.5995 - 0.26 
(TDO)^ - 0.0001264 - 0.10 0.002981 0.72 
x_ RT - 0.1456 - 2.87 - 2.013 -12.29 8 2 0.007342 1.75 0.1243 9.14 
^10 LAI 9 
1.708 17.09 2.169 5.71 
^11 (LAI)^ - 0.2564 -16.48 - 0.2198 - 3.12 
Xl2 ly 3.201 8.96 3.208 2.18 
^13 
(ly)2 
- 1.675 - 8.54 - 1.600 - 2.36 
%14 LAI • ly 0.1385 3.40 0.1050 0.78 
%15 VPDI 2 
0.3808 6.67 
R 0.88 0.93 
residual d.f. 342 340 
t-value for 5% = 1.96 and for 17o = 2.58 
Table 18. A-lOO 1967 defoliation week 1 NCE and EVTR variables, coefficients, F-values and means 
NCE EVTR 
Variable 
X, 
X, 
X 
10 
4i 
^12 
13 
Constant 
time 
(time)^ 
TDD 
(TDO)^ 
LAI 
(LAI)^ 
ly 
(ly)^ 
LAI . 
VPDI 
(VPDI) 
ly 
2 
residual d.f. 
Coeff. 
-13.640 
- 0,05380 
0.7132 
- 0.009626 
2.656 
- 0.3439 
3.226 
- 2.278 
0.7317 
F-value Coeff. F-value Mean 
0.97 
85 
8.59 
4.60 
2.13 
191,53 
181,38 
35,49 
74,13 
135.86 
16.49 
- 0,09549 
- 1.941 
0.04734 
- 4.581 
0.6149 
3.823 
- 0.4176 
1.529 
- 0.05671 
0.97 
84 
6.59 
1 2 . 6 1  
18 .11  
157.98 
59.12 
220,24 
132.43 
75.17 
29,14 
13.4 
188 .62  
25.3 
642.4 
1.35 
2 , 1 6  
3.52 
14,654 
0.85 
0.8953 
2.9590 
8.77 
82.46 
F-value at 12/60 for 57, = 1.83 and for 1% = 2,34 
Table 19. Blackhawk 1967 defoliation week 1 NCE and EVTR variables, coefficients, F-values and means 
NCE EVTR 
Variable Coeff. F-value Coeff. F-value Mean 
Constant - 1.992 18.65 
"l time 13.3 
X2 (time)^ 185.20 
*3 TDO 0.06844 3.37 - 2.028 14.43 25.7 
"4 (TDO)^ 0.04779 20.97 667.7 
S - 0.5896 7.29 - 4.887 342.15 1.76 
>^6 (.\) 0.04879 1.40 0.5875 145.60 3.93 
LAI 1.809 40.28 3.293 99.21 3.34 
><8 (1AI)2 - 0.2407 29.43 - 0.3770 54.35 13.140 
ly 1.253 2.49 0.92 
^10 (ly)^ - 1.181 7.17 0.9978 
Xll LAI • ly 0.8382 60.10 3.0688 
*12 VPDI O 
1.986 78.09 7.46 
*13 (VPDI) - 0.1032 47.06 60.32 
R2 0.94 0.95 
residual d. f. 88 88 
F-value at 12/60 for 5% = 1 .83 and for 17o = 2.34 
Table 20. Hark 1967 defoliation week 1 NCE and EVTR variables, coefficients, F-values and means 
NCE EVTR 
Variable Coeff, F-value Coeff. F-value Mean 
Constant -19.043 10.10 
"l time 0.5719 2.23 13.4 
(time)^ - 0.001647 2.46 186.73 
«3 TOO 1.546 13.46 - 1.516 7.04 26.5 
(TDO)^ - 0,02933 13.28 0.04238 14.88 707,8 
- 1.334 9.64 - 5.048 123.06 1.33 5 2 
*6 'V 
0.2051 3.95 0.6299 32.01 2.14 
h LAI 1.869 23.67 4.443 168.89 2.74 
h 
(LAI)^ - 0.2794 19.03 - 0.6182 105.78 9.035 
h ly 0.86 
^10 (ly)^ 0.8893 
^11 LAI • ly 0.6804 94.34 2.3217 
Xia VPDI O 
1.425 53.06 8.19 
"13 (VPDI) - 0.07857 43.40 73.93 
0.89 0.95 
residual d. f. 89 88 
F-value at 12/60 for 57o = 1. 83 and for 17o = 2.34 
Table 21. Rampage 1967 defoliation week 1 NCE and EVTR variables, coefficients, F-values and means 
NCE EVTR 
Variable Coeff. F-value Coeff. F-value Mean 
X, 
X, 
X 
10 
41 
^2 
13 
Constant 
time 
(time)^ 
TDD 
(TDO)^ 
LAI 
(LAI)2 
ly 
(ly)^ 
LAI • 
VPDI 
(VPDI) 
r2 
ly 
2 
residual d.f. 
-31.187 
- 0.001545 
2.426 
- 0.04808 
- 0.7105 
2.526 
- 0.3422 
0.6219 
0.4641 
0.89 
89 
2.24 
20.17 
19.47 
18.85 
94,94 
78,65 
1.40 
16.72 
16.61 
- 0.09796 
- 1.982 
0.05076 
- 5.507 
0,6248 
4.141 
- 0.4745 
1.399 
- 0.04120 
0.95 
88 
3.61 
12.22 
20.25 
92.99 
16.58 
330.79 
214.44 
27,99 
4.58 
13.4 
183.88 
25.2 
638.6 
0.88 
0.91 
3.37 
13.711 
0.85 
0.8565 
2.8027 
6.71 
47.79 
F-value at 12/60 for 5% = 1,83 and for 17„ = 2.34 
Table 22. A-lOO 1967 defoliation week 2 NCE and EVTR variables, coefficients, F-valuos and means 
NCE EVTR 
Variable Coeff. F-value Coeff. F-value Mean 
^3 
^5 
X„ 
'10 
'il 
<12 
<13 
Constant 
time 
(tlme)^ 
TDO 
(TDO)^ 
(R^): 
LAI 
(LAI)2 
ly 
(ly)^ 
LAI . 
VPDI 
(VPDI) 
r2 
ly 
2 
residual d.f. 
- 2.529 
- 0.4837 
0.01627 
0.3200 
- 0.006009 
1.610 
- 0.2308 
5.634 
- 3.202 
0.6964 
0.96 
72 
3.95 
3.21 
3.89 
4.47 
74.63 
123.25 
47.04 
6 2 . 6 8  
91.99 
- 5.44 
0.6433 
- 0.006805 
- 2.298 
0.1528 
0.4287 
0.9067 
- 0.2285 
0.03048 
0.98 
73 
13.25 
4.37 
195.85 
74.25 
28.77 
23.35 
4.46 
43.05 
14.1 
202.18 
27.2 
763.5 
1.67 
4.88 
2 .68  
11.009 
0.81  
0.7905 
2.1789 
10.40 
127.39 
F-value at 12/60 for 5% = 1.83 and for 17» = 2.34 
Table 23. Blackhawk 1967 defoliation week 2 NCE and EVTR variables, coefficients, F-values and means 
Variable 
NCE NCE 
Mean Coeff. F-value Coeff. F-value 
Constant - 2.015 18.57 
time 2.284 14.50 14.1 
h (time)^ - 0.07791 11.70 205.53 
h TDO - 2,654 62.53 27.6 
h (TDO)^ - 0.001432 10.51 0.05372 81.12 782.8 
x_ K - 5.394 126.84 1.33 5 L o 
^6 (*1? 0.4865 68.85 2.92 
LAI 2.283 108.71 2.031 80.95 2.53 
Xs (1AI)2 - 0.3319 137.57 10.330 
Xg ly 5.814 54.28 3.12 20.65 0.81 
^0 (ly)^ - 2.842 34.74 0.7968 
^1 LAI • ly 0.5946 49.66 - 0.9065 19.36 2.0586 
*12 VPDI O 
0.4076 49.85 12.56 
*13 (VPDI) 189.89 
0.93 0.98 
residual d. f. 74 70 
F-value at 12/60 for 57o = 1.83 and for 1% = 2.34 
Table 24. Hark 1967 defoliation week 2 NCE and EVTR variables, coefficients, F-values and means 
NCE EVTR 
Variable Coeff. F-value Coeff. F-value Mean 
Constant - 2.019 3.16 
*1 time 14.2 
X, (time)^ 206.99 
x. TDO 26.4 
(TDO)^ 0.009891 153.60 713.5 
s 
"l 2 
- 0.6511 6.54 - 5.890 211.82 1.00 
*6 0.07089 4.07 0.5796 116.65 1.65 
LAI 2.139 132.97 2.46 
"8 
(LAI)2 
- 0.2975 128.92 0.2390 76.46 8.629 
ly 6.189 89.33 - 1.224 1,59 0.78 
^10 (ly)^ - 3.288 58.97 1.865 8.75 0.7622 
^11 LAI • ly 0.5924 33.50 
- 0.3832 8.30 1.9170 
*12 VPDI o 
9,60 
*13 (VPDI) 9 
0.01841 50.81 111.22 
R 
residual d.f. 
0.95 
76 
0.98 
75 
F-value at 12/60 for 57, = 1.83 and for 17„ = 2.34 
Table 25. Rampage 1967 defoliation week 2 NCE and EVTR variables, coefficients, F-values and means 
NCE EVTR 
Variable Coeff. F-value Coeff. F-value Mean 
Constant - 2.836 0.41 
*1 time 0.3200 3.00 
14.2 
"2 
(time)^ - 0.01286 3.33 0.003826 9.33 208.89 
S TOO 26.8 
(TDO)^ 0.007442 135.53 734.6 
x_ K - 4.106 324.45 1.48 5 L 
^6 <\> 0.3215 166.71 3.90 
Xy LAI 1.328 104.30 1.714 329.54 2.21 
Kg (1AI)2 - 0.2142 123.34 8.200 
Xg ly 3.940 41.58 0.76 
^10 (ly)^ - 2.302 37.84 0.8685 28.61 0.7206 
^11 LAI • ly 0.6319 108.44 1.6820 
*12 VPDI - 0.1276 1.69 9.34 
^13 (VPDI) 0 0.01486 12.94 
102.90 
0.94 0.98 
residual d .f. 76 75 
F-value at 12/60 for 57o = 1.83 and for 17o = 2.34 
Table 26. A-lOO 1967 defoliation week 3 NCE and EVTR variables, coefficients, F-values and means 
NCE EVTR 
Variable Coeff. F-value Coeff. F-value Mean 
X, 
X 
10 
11 
^12 
(13 
Constant 
time 
(time)^ 
TDO 
(TDO)^ 
(V 
LAI 
(LAI)2 
ly 
(ly)^ 
LAI ' 
VPDI 
(VPDI)^ 
residual d.f. 
ly 
- 2.909 
0.4866 
- 0.02090 
- 0.5889 
0.05920 
1.527 
-  0 .2212  
2.688 
- 2.159 
0.5856 
0.91 
80 
3.23 
3.75 
7.37 
7.01 
81.41 
155.19 
5.26 
9.26 
45.87 
- 1.33 
- 5.588 
0.5313 
4.758 
- 0.4793 
0.5969 
0.66 
84 
42.30 
29.38 
44.43 
20.43 
79.89 
13.5 
189.52 
30.1 
915.3 
1.33 
2.89 
2.27 
8.150 
0.77 
0.6932 
1.6072 
12.76 
180.14 
F-value at 12/60 for 5% - 1.83 and for 1% = 2.34 
Table 27. Blackhawk 1967 defoliation week 3 NCE and EVTR variables, coefficients, F-values and means 
NCE EVTR 
Variable Coeff. F-value Coeff. F-value Mean 
Constant - 5.019 25.48 
^1 time 0.9524 9.58 - 0.8112 3.15 13.6 
X2 (time)^ - 0.03803 10.86 0.02072 1.46 192.13 
X3 TDO - 1.673 5.174 30.1 
(TDO)^ 0.001340 4.21 0.03532 7.91 913.2 
- 4.277 73.70 1.23 
^6 0.5022 35.11 2.39 
LAI 1.690 95.93 3.825 117.85 1.94 
^8 (1AI)2 - 0.2976 144.77 - 0.4243 44.17 6.615 
S ly 2.176 4.45 - 1.775 6.925 0.76 
^10 (ly)^ - 1.582 6.35 0.6642 
^11 LAI • ly 0.6239 40.98 0.7915 25.56 1.3171 
*12 VPDI 0 
0.9526 22.33 10.02 
*13 (VPDI) 0 
- 0.03308 12.79 110.51 
0.90 0.95 
residual d. f, 82 78 
F-value at 12/60 for 5% = 1,83 and for 1% = 2.34 
Table 28. Hark 1967 defoliation week 3 NCE and EVTR variables, coefficients, F-values and means 
NCE EVTR 
Variable Goaf£. F-value Coeff. F-value Mean 
Constant - 0.698 26.62 
"l time - 0.9967 6.21 13.8 
X, (time)^ 0.03506 3.24 195.86 
TDD - 1.579 3.43 29.5 
(TDO)^ 0.03330 5.03 875.4 
\ 2 
- 0.1531 3.40 - 4.123 279-37 1.84 
"6 0.4550 156.22 4.38 
"7 LAI 1.501 54.48 2.470 45.84 2.53 
X8 (LAI)^ - 0.2230 78.06 - 0.2285 21.03 8.862 
=<9 ly 4.230 11.43 - 2.446 3.62 0.79 
*10 (ly)^ - 2.220 7.71 1.073 2.63 0.7264 
"11 LAI • ly 0.5650 23.18 0.4572 17.09 1.9357 
*12 VPDI 0 
0.7754 21.10 10.40 
*13 (VPDI) 0 
- 0.02371 11.79 118.82 
R 
residual d.f. 
0.87 
81 
0.96 
74 
F-value at 12/60 for 57, = 1.83 and for 1% = 2.34 
Table 29. Rampage 1967 defoliation week 3 NCE and EVTR variables, coefficients, F-values and means 
NCE EVTR 
Variable Coeff. F-value Coeff, F-value Mean 
X, 
X, 
X, 
X 10 
4l 
^12 
43 
Constant 
time 
(time)^ 
TDO 
2 (TDO) 
LAI 
(LAI)2 
ly 
(iy)2 
LAI • 
VPDI 
(VPDI) 
r2 
ly 
2 
residual d.f. 
- 4.504 
0.6465 
-  0.02628 
- 1.097 
0.2983 
1.962 
- 0.3453 
3.965 
- 2.923 
0.8531 
0.92 
80 
3.41 
3.52 
10.76 
10.03 
115.80 
179.79 
13.48 
25.32 
38.70 
- 6.04 
0.5222 
- 0.02153 
0.01154 
- 5.335 
0.6718 
2.388 
- 0.1317 
0.007143 
0.97 
81 
1.86 
2 . 2 6  
97.19 
149.71 
36.56 
48.61 
4.60 
11.28 
13.4 
186.58 
30.4 
931.9 
1.10 
1.69 
2.30 
7.224 
0.80 
0.7266 
1.7334 
13.30 
191.74 
F-value at 12/60 for 5% = 1,83 and for 1% = 2.34 
Table 30. A-lOO 1967 defoliation week 4 NCE and EVTR variables, coefficients, F-values and means 
NCE EVTR 
Variable Coeff, F-value Coeff. F-value Mean 
X, 
X, 
X. 
10 
Hi 
(l2 
^13 
Constant 
time 
(time)^ 
TDD 
(TDO)^ 
LAI 
(LAI)2 
ly 
(ly)^ 
LAI . 
VPDI 
(VPDI) 
r2 
ly 
2 
residual d.f. 
- 0.973 
0.3450 
- 0.01171 
- 0.1559 
0.001823 
- 0.2079 
1,476 
- 0.1859 
2.576 
-  1.211 
0.83 
79 
3.74 
3.08 
2.90 
1 . 2 1  
8 . 1 2  
84.38 
40.68 
20.39 
14.48 
0.74 
0.1175 
- 4.265 
0.4210 
3.200 
- 0.3280 
0.2968 
0.4543 
0.96 
81 
10.45 
194.18 
67.29 
68.29 
16.59 
7.10 
52.57 
13.6 
192.81 
27.1 
752.8 
1.78 
4.56 
2.03 
6 . 2 2 8  
0 .82  
0.7819 
1.6675 
10.24 
115.02 
F-value at 12/60 for 57» = 1.83 and for 1% = 2.34 
Table 31. Blackhawk 1967 defoliation week 4 NCE and EVTR variables, coefficients, F-values and means 
NCE EVTR 
Variable Coeff. F-value Coeff. F-value Mean 
X, 
X, 
X. 
X, 
'10 
^11 
^12 
<13 
Constant 
time 
(time)^ 
TDO 
(TDO)^ 
R, 
2 
LAI 
(LAI) 
ly 
(ly)^ 
LAI . 
VPDI 
(VPDI) 
r2 
ly 
2 
residual d.f. 
0.041 
- 0.0004172 
- 0.1019 
1.516 
- 0.2458 
0.2064 
0 .86  
81 
4.15 
17.33 
132.82 
93.93 
25.36 
1.14 
0.001039 
- 1.159 
0.04849 
2.560 
- 0.2928 
0.2422 
0.01266 
0.97 
79 
2 .86  
135.0 
36.46 
58.72 
16.52 
9.79 
30.00 
13.8 
196.38 
27.2 
750.7 
2.71 
10.07 
1.90 
5.700 
0.85 
0.8294 
1.5879 
10.69 
124.35 
F-value at 12/60 for 5% = 1.83 and for 17, = 2.34 
Table 32. Hark 1967 defoliation week 4 NCE and EVTR variables, coefficients, F-values and means 
NCE EVTR 
Variable Coeff. F-value Coeff. F-value Mean 
Constant 1.273 - 3.21 
*1 time 13.6 
(tlme)^ 0.002315 18.79 190.73 
"3 TDO - 0.2499 8.23 0.1385 5.29 27.3 
(TDO)^ 0,003980 5.99 759.5 
- 7.597 73.87 0.85 
"6 (V 0.7003 39.51 1.31 
*7 
LAI 1.821 290.25 3.336 30.06 2.13 
- 0.2880 308.86 - 0.2697 7.34 6,612 
ly 4.815 102.65 3.424 5.48 0.86 
^10 (ly)^  - 2.447 92.96 - 1.279 2.23 0.8391 
1^1 
LAI . ly 0.2697 27.59 - 0.4644 6.28 1.8123 
*12 VPDI 0.7333 73.41 12,35 
*13 (VPDI)^ 9 
167.71 
0.95 0.95 
residual d.f. 82 81 
F-value at 12/60 for 5% = 1.83 and for 1% = 2,34 
Table 33. Rampage 1967 defoliation week 4 NCE and EVTR variables, coefficients, F-values and means 
NCE EVTR 
Variable Coeff. F-value Coeff. F-value Mean 
Constant - 0.992 -13.76 
*1 
time 2.858 48.50 13.5 
(time)^ - 0.1034 43.87 190.03 
*3 TDO 27.7 
(TDO)^ - 0.001221 33.12 783.1 
R - 8.882 210.05 1.39 5 L 2 
^6 (R^) - 0.1553 19.91 1.246 104.09 2.68 
LAI 1.812 113.47 5.717 231.66 1.93 
X, (lAI)^ - 0.2174 47.83 - 0.5606 36.61 5.623 
X, ly 2.904 48.85 3.106 9.10 0.80 
XlO 
(ly)^ - 1.226 23.97 - 1.481 6.06 0.7714 
*11 
LAI • ly - 0.1336 4.31 1.5427 
"12 
VPDI 
0 
14.47 
X„ (VPDI) 
R 0.79 
residual d.f. 82 
F-value at 12/60 for 5% = 1.83 and for 1% = 2.34 
0.01196 35.03 229.25 
0.97 
80 
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Table 34. 1968 combined defoliation variables, coefficients and 
t-values 
NCE EVTR 
Variable Coeff. t-value Coeff. t-value 
Constant - 3.563 - 6.68 
day - 0.06961 - 7.04 0.05688 2.15 
X, (day)^ 0.00003667 0.25 - 0.0002067 - 0.50 
Blackhawk - 0.3690 -12.09 - 0.2101 - 2.70 
Lindarin-63 - 0.1118 - 3.68 - 0.07092 - 0.92 
Provar - 0.1033 - 3.44 0.1499 1.96 
xa time 0.6489 11.90 0.5951 4.20 
(time)^ - 0.02580 -11.86 - 0.02170 - 3.88 
TL 0.04046 1.74 0.1461 2.10 
X, (TL)^ - 0.002153 - 6.04 - 0.002170 - 1.98 
Xin RT 0.06970 - 7.33 0.9771 -40.23 10 2 
^11 
(*%) 0.002515 7.04 0.02661 29.25 
to
 
1 
LAI 
2 
0.8572 16.66 1.958 14.83 
^13 (LAI) - 0.1461 -17.75 - 0.1943 - 9.17 
Xl4 ly 9 
3.335 15.58 - 0.6178 - 1.09 
^15 (ly) - 1.940 -17.20 1.600 5.39 
^16 day • time 0.0001236 0.43 - 0.0001058 - 0.12 
^17 day • TL 0.002240 9.84 - 0.001883 - 3.10 
^18 LAI • ly 0.4959 18.70 0.06978 1.03 
X,n VPDI 0.4862 14.66 19 0 
%20 (VPDI) 0 
- 0.007185 - 6.93 
0.85 0.85 
residual d.f. 1649 1647 
t-value for 5% = 1.96 and for 1% = 2.58 
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Table 35. 1968 sums of squares and F-values due to varieties 
NCE EVTR 
sTs M.S. F sTs M.S. F 
Combined defoliation 
Full model 1891.701 
Reduced model 1861.766 
Varieties (3) 29.935 
Residual (full) (1649) 
11241.602 
11213.862 
9.978 53.08 27.740 
0.188 (1647) 
9.247 
1.221 
7.57 
Defoliation week 1 
Full model 218.944 
Reduced model 215.708 
Varieties (3) 3.236 
Residual (full) (244) 
1644.638 
1604.458 
1.079 7.39 40.180 
0.146 (242) 
13.394 
1.980 
13.39 
Defoliation week 2 
Full model 279.619 
Reduced model 268.806 
Varieties (3) 9.813 
Residual (full) (276) 
2345.605 
2344.685 
3.271 33.31 0.920 
0.098 (274) 
0.307 
0.681 
0.45 
Defoliation week 3 
Full model 452.733 
Reduced model 438.803 
Varieties (3) 13.930 
Residual (full) (388) 
3051.606 
3016.245 
4.643 34.14 35.361 
0.136 (386) 
11.787 16.18 
0.729 
242 
Table 35. (Continued) 
NCE EVTR 
sTs M.S. F sTs MTS F 
Defoliation week 4 
Full model 
Reduced model 
Varieties (3) 
Residual (full) (346) 
476.684 
466.452 
10.232 3.411 42.63 
0.080 (344) 
2433.377 
2416.165 
17.212 5.738 13.95 
0.411 
Defoliation week 5 
Full model 449.447 1572.290 
Reduced model 429.903 1544,074 
Varieties (3) 19.544 6.515 99.46 28.216 9.405 23.28 
Residual (full) (339) 0.066 (337) 0.404 
F-value at 3/® for 5% = 2.60 and for 1% = 3.78 
Table 36. Blackhawk 1968 combined defoliation NCE and EVTR variables, coefficients, F-values and 
NCE EVTR 
Variable Coeff. F-value Coeff. F-value Mean 
Constant - 1.898 - 0.76 
day - 0.05072 30.87 16.7 
"2 (day)^ - 0.0003037 5.38 380.8 
x. time 12.1 
(time)^ 154.63 
S 
TL 0.1292 10.26 29.7 
Xe (TL)2 - 0.003378 27.44 906.7 
X, - 0.9519 589.27 3.35 
*8 (*L) 0.02465 326.73 24,36 
S LAI 0.7102 60.72 1.809 95.59 2.69 
^10 
(LAI)2 
- 0.1192 68.15 - 0.1502 19.97 8.878 
Xll ly 4.187 143.91 - 1.090 2.65 0.80 
1^2 
(ly)^  - 2.131 111.70 2.001 21.70 0.7704 
1^3 day • time 199.2 
1^4 day • TL 0.001605 21.30 490.3 
5^ LAI • ly 0.4290 86.02 2.1372 
*16 VPDL O 
0.5123 212.28 10.68 
*17 (VPDI) 
R2 
residual d. f. 
0.85 
394 
- 0.007014 
0,90 
394 
30.80 137.23 
F-value at 15/OD for 57o = 1,67 and for 17o = 2.04 
Table 37. Hark 1968 combined defoliation NCE and EVTR variables, coefficients, F-values and means 
Variable 
NCE EVTR 
Mean Coeff. F-value Coeff, F-value 
Constant - 3.630 - 1.61 
h 
day 0.1416 9.80 17.1 
\ (day)^ - 0.001425 50.87 - 0.002061 6.00 391.5 
h 
time 0.7039 45.46 12.1 
(time)^ - 0.02798 44.17 157.12 
S TL 29.6 
''e 
(TL)2 
- 0.001737 148.01 901.1 
h 
- 0.06897 15.21 - 0.9147 356.58 3.02 
h (%L) 0.002863 21.72 0.2565 232.47 21.71 
h LAI 0.9161 83.08 1.572 32.54 2.62 
1^0 
(LAI)2 
- 0.1771 112.14 - 0.1804 15.84 8.498 
1^1 ly 3.838 83.47 1.952 20.39 0.79 
1^2 
(iy)2 
- 2.0679 88.81 0.7523 
1^3 
day • time 0.001088 2.55 0.004481 14.00 203.9 
Xl4 day • TL 0.001181 15.70 - 0.004439 26.18 498.3 
1^5 LAI ' ly 0.5333 113.27 0.4254 9.52 2.0102 
*16 VPDI A 
0.4719 69.94 10.96 
*17 (VPDI) o - 0.006837 
14.48 144.95 
0.89 0.84 
residual d. f. 393 394 
F-value at 15/cd for 57o " 1,67 and for 1% = 2.04 
Table 38. Lindarin-63 1968 combined defoliation NCE and EVTR variables, coefficients, F-values and 
NCE EVTR 
Variable Coeff. F-value Coeff. F-value Mean 
Constant - 3.136 - 3.92 
*1 day - 0.1633 80.95 - 0.1789 15.84 16.8 
*2 (day)^ 0.001145 14.76 0.003585 23.95 383.0 
time 0.6630 43.40 0.5428 5.53 12.1 
(time)^ - 0.02700 42.94 - 0.02001 4.62 156.55 
"5 TL 0.02854 1.29 29.7 
(TL)2 
- 0.001900 183.04 905.7 
X, \ - 0.05076 7.21 - 0.8822 429.52 3.23 
*8 (R^): 0.002533 10.33 0.2394 185.22 19.59 
X9 LAI 1.272 165.76 2.196 96.64 2.83 
1^0 (1AI)2 - 0.2171 200.83 - 0.2827 66.30 9.528 
1^1 ly 2.578 37.72 - 2.678 7.60 0.80 
1^2 (ly)^  - 1.732 66.77 1.765 12.88 0.7645 
1^3 day • time 200.2 
day • TL 0.004994 146.09 0.003096 9.50 490.7 
1^5 LAI . ly 0.5692 117.75 0.4436 14.02 2.2273 
^16 VPDI 0.4753 66.85 10.67 
*17 (VPDI)^ - 0.008275 22.90 135.57 
R2 0.87 0.89 
residual d .f. 403 401 
F-value at 15/oo for 5% = 1.67 and for 17, = 2.04 
Table 39. Provar 1968 combined defoliation NCE and EVTR variables, coefficients, F-values and means 
Variable 
NCE EVTR 
Mean Coeff. F-value Coeff. F-value 
Constant - 3.131 - 5.29 
*1 day - 0.07936 26.46 .. 0.1105 7.12 16.4 
(day)^ 0.0003138 1.52 - 0.0009469 1.28 372.5 
% time 0.6622 57.01 0.4649 2.98 12.1 
(time)^ - 0.02629 54.03 - 0.1552 1.98 155.87 
"5 TL 29.4 
"6 
(TL)2 
- 0.001415 107.59 889.8 
2 
- 1.072 332.60 3.03 
h (*L) 0.3244 173.59 20.26 
S 
LAI 0.6465 46.76 2.328 66.06 2.87 
1^0 (LAI) - 0.1112 56.34 - 0.2181 22.30 9.639 
Xll ly 3.598 96.33 1.622 1.98 0.77 
1^2 (ly)^  - 2.067 114.51 1.423 5.66 0.7294 
Xl3 day * time 193.6 
1^4 day • TL 0.002157 33.40 - 0.003779 18.34 475.9 
5^ LAI • ly 0.5080 124.71 - 0.3327 5.23 2.1510 
*16 VPDI 0.5873 80.45 10.48 
Xl7 (VPDI)^ 0 
- 0.01048 26.25 131.83 
0.88 0.84 
residual d. f. 428 425 
F-value at IS/OD for 5% = 1.67 and for 17o = 2.04 
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Table 40. 1968 defoliation week 1 variables, coefficients and 
t-values 
NCE EVTR 
Variable Coeff. t-value Coeff, t-value 
Constant - 7.616 - 1,72 
>=1 Blackhawk 0.1190 1.67 0.4393 1.64 
Lindarin-63 0.3171 0,44 0.3973 1.50 
Ks Provar 0.3295 4.21 1.267 4.38 
X, time 0.7203 5.48 0.5504 1.08 
s 
2 (time) - 0,02877 - 5.64 - 0.02277 - 1-17 
TL 0.3826 4.40 - 0.2138 - 0.62 
(TL)^ - 0,008324 - 5.76 0.004297 0.77 
=^8 - 0,009601 - 0.58 - 0.8861 -14.34 
- 0.0002352 - 0.44 0.2249 11.41 
o
 
1—4 X LAI 0.2450 1.25 1.754 2.42 
Hi 
(LAI)^ - 0.05447 - 2.04 - 0.1851 - 1.85 
ly 
2 
1.943 3.80 - 1.111 - 0.58 
h3 (ly) - 1.425 - 5.93 0.9501 1.05 
-u 
lAI • ly 0.6012 9.51 0.07164 0.31 
2 
0.7344 2.64 
^16 (VPDI) - 0.01878 - 1.50 
0.86 0.77 
residual d.f. 244 242 
t-value for 5% = 1.96 and for 1% = 2.58 
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Table 41. 1968 defoliation week 2 variables, coefficients and 
t-values 
NCE EVTR 
Variable Coeff. t-value Coeff. t-valu« 
Constant - 8.629 - 9.94 
Blackhawk - 0.4214 - 7.66 - 0.05709 - 0.39 
h Lindarin-63 - 0.6173 - -10.10 0.06202 0.38 
s 
Provar - 0.2724 - 5.10 0.09710 0.68 
h time - 0.2773 - 2.90 0.5406 2.12 
X, (time)^ 0.009221 2.50 - 0.02109 - 2.13 
TL 0.5788 7.50 0.4614 1.39 
4 
(TL)2 
- 0.009743 - 8.79 - 0.007169 - 1.43 
X_ R, - 0.1286 - 3.82 - 1.784 -19.82 8 9 
S 
(R^) 0.008400 3.04 0.1076 14.68 
^10 lAI O 
1.441 9.69 2.100 5.35 
^11 (lAI) - 0.1713 - 9.53 - 0.2043 - 4.30 
^12 ly 9 
5.103 11.83 - 0.4454 - 0.37 
^13 (ly) - 2.272 -10.34 1.162 1.79 
^14 LAI • ly 0.1380 2.47 0.1920 1.12 
VPDI 0.3900 4.01 15 9 
Xl6 (VPDI) 9 
- 0.0001604 - 0.04 
R 0.91 0.93 
residual d.f. 276 274 
t-value for 5% = 1.96 and for 1% = 2.58 
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Table 42. 1968 defoliation week 2 variables, coefficients and 
t-values 
NCE EVTR 
Variable Coeff. t-value Coeff. t-value 
Constant - 3.449 -13.82 
h Blackhawk - 0.5451 - 9.90 - 0.5745 - 4.50 
h Lindarin-63 - 0.2973 - 5.37 - 0.7876 - 6.05 
h Provar - 0.3340 - 6.41 - 0.07912 - 0.66 
\ time 0.7496 5.86 1.810 5.77 
h (time)^ - 0.02771 - 5.45 - 0.06679 - 5.44 
h TL - 0.01347 - 0.20 0.2930 1.39 
h (TL)^ - 0.001215 - 1.00 - 0.005838 - 1.55 
x_ K - 0.2091 - 5.47 - 1.484 -16.69 8 0 
^9 0.01040 4.24 0.06669 11.70 
^10 LAI o 
0.7156 6.02 2.457 7.75 
^11 - 0.1012 - 4.27 - 0.2207 - 3.63 
^12 ly 3.791 . 10.04 - 1.759 - 1.99 
^13 (ly)^  - 1.151 - 5.33 2.742 5.23 
Xl4 lAI • ly 0.08396 1.12 - 0.2162 - 1.23 
Xl5 VPDI 0 
0.2784 2.17 
%16 (VPDI) o 
0.002962 0.63 
0.90 0.92 
residual d.f. 388 386 
t-value f@r 5% = 1.96 and for VU = 2.58 
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Table 43. 1968 defoliation week 4 variables, coefficients and 
t-values 
NCE EVTR 
Variable Coeff. t-value Coeff. t-value 
Constant - 6.882 15.57 
Blackhawk - 0.1120 - 2.48 0.5902 5.76 
X, Lindarin-63 0.3628 8.29 0.4512 4.53 
Provar 0.1296 3.03 0.1752 1.80 
"4 time 0.6954 6.13 1.737 5.51 
s 
(time)^ - 0.02912 - 6.35 - 0.06780 - 5.58 
X, TL 0.1263 1.31 - 1.555 - 5.40 
X, (TL)^ - 0.0008447 - 0.61 0.02505 5.90 
- 0.1420 - 4.08 - 1.802 -22.76 
0.008204 3.36 0.09844 17.76 
LAI 0.9979 10.06 2.918 12.66 
"11 
(lAI)^ - 0.1607 - 8.89 - 0.3823 - 9.26 
ly 0.5041 1.07 - 2.761 - 2.21 
^13 
(iy)2 
- 0.8489 - 3.44 0.9374 1.47 
^4 LAI - ly 0.5673 10.97 0.5031 4.11 
Xl5 VPDI 9 
0.2969 4.04 
%16 (VPDI) - 0.002816 - 1.79 
residual d.f. 
t-value for 5% 
0.93 
346 
= 1.96 and for 17» = 2.58 
0.95 
344 
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Table 44. 1968 defoliation week 5 variables, coefficients and 
t-values 
NCE EVTR 
Variable Coeff. t-value Coeff. t-value 
Constant - 5.728 - 0.78 
Blackhawk - 0.6512 -15.20 - 0.7213 - 6.77 
Lindarin-63 0.01911 0.48 0.1384 1.40 
Provar -• 0.3060 - 7.66 - 0.3705 - 3.70 
time 0.8880 10.90 0.5824 2.31 
S (time)^ - 0.03674 -11.08 - 0.02572 - 2.68 
TL 0.02577 0.45 - 0.1664 - 0.88 
4 
(TL)2 
- 0.0005001 - 0.48 0.005050 1.45 
X_ - 0.006095 - 0.24 - 1.085 -16.92 8 L 2 
S 0.0003186 0.26 0.3961 13.01 
^10 lAl 0.9618 10.21 0.7064 2.55 
^11 
(LAI) - 0.1635 -10.03 0.1760 0.39 
^12 ly 9 
2.628 5.62 - 2.955 - 2.34 
^13 (ly) - 1.698 - 7.25 2.037 3.15 
-14 LAI • ly 0.5850 13.57 0.1933 1.58 
-15 VPDI O 
0.7056 4.57 
-16 (VPDI) 9 
- 0.01633 - 2.03 
R 0.95 0.92 
residual d.f. 339 337 
t-value for 5% =1.96 and for 17o = 2.58 
Table 45. Blackhawk 1968 defoliation week 1 NCE and EVTR variables, coefficients, F-values and means 
NCE EVTR 
Variable Coeff, F-value Coeff. F-value Mean 
Constant - 8.951 - 1.35 
time 13.1  
(tirae)^ 178.56 
*3 TL 0.7660 17.68 30.00 
(TL)2 
- 0.01477 24.29 918.0 
S - 0.8127 101.62 6.44 
(*L) - 0.001315 10.98 0.01750 45,28 98.73 
X, lAI 1.325 14.43 2.65 
X» (LAI)2 8.900 
X, ly 2,530 8.31 0.89 
"lO (ly)^ - 1.548 8.67 1.808 11.70 0.9503 
"xi LAI • ly 0.5762 148.01 - 0.6472 5,15 2,2126 
VPDI 0.7701 4.69 10.07 
=<13 (VPDI)^ 
o 
- 0.0184 1.54 109.22 
R 0.87 0.89 
residual d. f. 55 54 
F-value at 12/60 for 57o = 1. ,83 and for 17o = 2.34 
Table 46. Hark 1968 defoliation week 1 NCE and EVTR variables, coefficients, F-values and means 
NCE EVTR 
Variable Coeff. F-value Coeff, F-value Mean 
X, 
X, 
X 
10 
11 
^12 
43 
Constant 
time 
(time)^ 
TL 
(TL)2 
2 («L) 
LAI 
(LAI)2 
ly 
(ly)^ 
LAI • 
VPDI 
(VPDI) 
r2 
ly 
2 
residual d.f. 
-12 .008  
0.8304 
- 0.03266 
0.7299 
- 0.01487 
- 0.06082 
- 0.2969 
0.7863 
0.90 
50 
19.94 
19.93 
18.39 
27.58 
33.97 
3.90 
151.18 
1.41 
-  0 .6262 
0.01430 
0.7398 
1.264 
0.6894 
- 0.01952 
0 .82 
51 
62.43 
44.21 
17 ,66 
10.19 
5.07 
1.92 
13.4 
187.00 
29.7 
893.3 
6.53 
91.17 
2.24 
6.143 
0.86  
0.9522 
1.8979 
11.05 
131.03 
F-value at 12/60 for 57, = 1.83 and for 1% = 2.34 
Table 47. Llndarln-63 1968 defoliation week 1 NCE and EVTR variables, coefficients, F-values and means 
NCE EVTR 
Variable Coeff. F-value Coeff. F-value Mean 
X, 
X. 
'10 
4l 
^12 
^13 
Constant 
time 
(tlme)^ 
TL 
(TL)2 
2 (*L) 
LAI 
(LAI)2 
ly 
(ly)^ 
LAI • 
VPDI 
(VPDI) 
r2 
ly 
2 
residual d.f. 
- 4.918 
- 0.004190 
0.3402 
- 0.006242 
- 0.001034 
2.108 
-  0 .2821 
0.2229 
0.86 
59 
21.35 
7.93 
9.15 
6.39 
38.16 
33.45 
12.18 
- 0.39 
- 0.1794 
0.001734 
- 0.6787 
0.01529 
3.723 
- 0.4651 
- 6.309 
3.578 
0.4399 
0.87 
54 
5.67 
2.15 
100.35 
47.28 
19.49 
12.32 
9.13 
10.04 
28.56 
13.0 
175.34 
29.8 
908.0 
6 . 6 6  
71.94 
2 .86  
9.801 
0.91 
0.9646 
2.5624 
10.34 
114.89 
F-value at 12/60 for 5% = 1.83 and for 1% = 2.34 
Table 48. Provar 1968 defoliation week 1 NCE and EVTR variables, coefficients, F-values and means 
NCE EVTR 
Variable Coeff, F-value Coeff, F-value Mean 
Constant - 2.707 
^2 
time 
(time)^ 
0.7334 
- 0.02875 
S 
\ 
TL 
(TL)2 
- 0.001366 
S - 0.02034 
^6 
^8 
LAI 
(IAI)2 
^9 
^10 
ly 
(ly)^ 
3.911 
- 2.480 
^11 LAI • ly 0.5267 
*12 VPDI 
*13 (VPDI)^ O 
- 6.76 
R 
residual d.f. 
0.90 
67 
14.11 
13.66 
17.75 
3.12 
25.92 
34.79 
161.85 
0.003924 
- 1.520 
0.04046 
5.502 
- 0.4396 
5.099 
- 1.420 
0.01377 
0.77 
66 
1 .28  
75.82 
46.71 
7.47 
2 .00  
5.95 
7.66 
2 . 6 1  
13.4 
188.61 
29.3 
877.4 
4.88 
55.85 
3.12 
11.234 
0.88 
0.8507 
2.4514 
10.49 
117.49 
F-value at 12/60 for 5% = 1.83 and for 1% = 2.34 
Table 49. Blackhawk 1968 defoliation week NCE and EVTR variables, coefficients, F-values and means 
NCE EVTR 
Variable Coeff. F-value Coeff. F-value Mean 
X, 
S 
^6 
X 
X 
8 
10 
^11 
12 
43 
Constant 
time 
(time)^ 
TL 
(TL)2 
(*L) 
LAI 
(LA1)2 
ly 
(ly)^ 
LAI . 
VPDI 
(VPDI) 
r2 
ly 
2 
residual d.f. 
- 9.438 
- 0.03645 
0.5372 
- 0.009209 
- 0.1536 
0.01026 
1.334 
- 0.1578 
5.250 
- 2.584 
0.1628 
0.95 
59 
2.42 
20.27 
28.33 
7.38 
5.17 
39.79 
29.89 
55.00 
47.58 
3.27 
- 1.25 
- 1.582 
0.09465 
2.501 
- 0.2518 
1.247 
0.5196 
- 0.005908 
0.93 
62 
109.41 
60.87 
30.10 
12.85 
26.52 
32.29 
2.69 
11.7 
147.89 
31.7 
1033.5 
3.50 
17.01 
2.71 
9.002 
0.70 
0.6155 
1.8117 
10.18 
142.31 
F-value at 12/60 for 5% = 1.83 and for 1% = 2.34 
Table 50. Hark 1968 defoliation week 2 NCE and EVTR variables, coefficients, F-values and means 
NCE EVTR 
Variable Coeff, F-value Coeff. F-value Mean 
X, 
X 6 
X 8 
10 
4l 
X 
X 
12 
13 
Constant 
time 
(time)^ 
TL 
(TL)2 
LAI 
2 (LAI) 
ly 
(ly)^ 
LAI • 
VPDI 
(VPDl) 
r2 
ly 
2 
residual d.f. 
7.907 
0.3048 
0.009930 
0.5208 
0.008857 
1.563 
- 0.2327 
4.758 
- 2.007 
0.4351 
0.94 
59 
2.32 
1.74 
11.12 
16.38 
24.99 
35.62 
31.71 
22.62  
10.90 
- 7.35 
0.4873 
- 0.009093 
- 1.823 
0.1079 
2.123 
- 0.2067 
1.745 
0.4183 
0.4564 
0.95 
59 
2.17 
3.64 
69.51 
48.69 
16.11  
9.15 
5.65 
1.73 
22.95 
11.7 
147.86 
31.9 
1047.7 
2.78 
14.00 
2 . 2 6  
6.635 
0.69 
0.6151 
1.4061 
11.06 
163.50 
F-value at 12/60 for 5% = 1.83 and for 1% = 2.34 
Table 51. Lindarin-63 1968 defoliation week 2 NCE and EVTR variables, coefficients, F-values and means 
NCE EVTR 
^6 
X 8 
Xc 
X 
X 
10 
^11 
12 
^13 
Variable Coeff. F-value Coeff. F-value Mean 
Constant - 4.208 16.70 
time 11.7 
(time)^ 149.03 
TL 0.2673 7.16 - 1.150 3.08 31.5 
(TL)^ - 0.006190 15.96 0.1932 3.77 1020.0 
- 0.03423 3.48 - 2.734 87.07 3.46 
(*L) 0.2214 47.18 14.94 
LAI 0.6553 10.57 2.158 9.97 3.08 
(LAI)2 
- 0.08362 8.04 - 0.2432 6.13 10.796 
ly 6.943 155.11 - 1.861 2.23 0.66 
(iy)2 
- 3.522 130.54 0.5663 
LAI • ly 0.1767 2.77 0.9994 7.26 1.8968 
VPDI 0.9300 18.16 10.43 
(VPDI)^ ' - 0.02340 9.08 147.16 
R 
residual d.f. 
0.93 
64 
0.92 
62 
F-value at 12/60 for 5% = 1.83 and for 1% = 2.34 
Table 52. Provar 1968 defoliation week 2 NCE and EVTR variables, coefficients, F-values and means 
NCE EVTR 
Variable Coeff. F-value Coeff. F-value Mean 
Constant - 4.627 - 2.65 
time - 0.05653 5.09 11.5 
X2 (time)^ - 0.002433 2.72 143.72 
^3 TL 0.2649 4.64 31.2 
(TL)2 
- 0.004647 6.67 1002.6 
R, - 0.3178 1.45 - 1.773 97.37 2.51 5 2 
^6 (R^) 0.1012 39.05 8.83 
^7 LAI 1.047 23.14 3.208 48.18 2.67 
^8 
(LAI)2 
- 0.1423 21.72 - 0.3339 20.60 8.928 
X, ly 4.223 32.42 0.64 
^10 (ly)^ - 2.368 37.21 1.186 21.92 0.5450 
LAI • ly 0.4244 20.47 1.5761 
X12 VPDI 0.6876 62.95 9.78 
*13 (VPDI)^ - 0.008831 6.34 129.86 
0.92 0.94 
residual d. f. 69 70 
F-value at 12/60 for 57, = 1. 83 and for 1% = 2.34 
Table 53. Blackhawk 1968 defoliation week 3 NCE and EVTR variables, coefficient, F-values and means 
NCE EVTR 
Variable Coeff, F-value Coeff. F-value Mean 
^2 
S 
^4 
^5 
^6 
X 8 
X 10 
' i l 
X 
12 
13 
Constant 
time 
(tlme)^ 
TL 
(TL)2 
(*L) 
LAI 
(LAI)2 
ly 
(ly)^ 
LAI • 
VPDI 
(VPDI) 
r2 
ly 
2 
residual d.f. 
4.079 
0.3600 
- 0.007259 
- 0.2683 
0.01177 
0.6188 
- 0.05963 
2.025 
0.91 
91 
22.90 
25.27 
11.50 
4.09 
8.29 
2.65 
133.27 
-7.92 
1.559 
- 0.05986 
- 0.05366 
- 1.893 
0.09867 
2.823 
- 0.2933 
- 2.588 
2.200 
0.5588 
- 0.008028 
0.96 
87 
12.19 
11.58 
1.40 
164.02 
83.12 
50.00 
19.40 
3.98 
10.81 
17.71 
3.00 
12.5 
165.70 
27.9 
789.2 
2 . 6 2  
10.05 
2.79 
9.333 
0.85 
0.8422 
2.4764 
10.69 
126.62 
F-value at 12/60 for 57» = 1.83 and for 1% = 2.34 
Table 54. Hark 1968 defoliation week 3 NCE and EVTR variables, coefficients, F-values and means 
NCE EVTR 
Variable Coeff. F-value Coeff. F-value Mean 
^4 
^5 
^6 
X 8 
X 10 
42 
43 
Constant 
time 
(tlme)^ 
TL 
(TL)2 
(Kt) 
LAI 
(LAI)2 
ly 
(iy)2 
LAI • 
VPDI 
(VPDI) 
ly 
2 
residual d.f. 
- 5.807 
1.120 
- 0.04149 
- 0.002130 
- 0.06088 
0.3772 
- 0.03640 
5.227 
- 1.780 
0.94 
91 
2 8 .6 2  
24.73 
27.83 
2.24 
5.37 
1.67 
85.40 
30.10 
-16.39 
2.159 
- 0,08208 
0.4152 
- 0.009601 
-  2 . 6 6 2  
0.2199 
2.334 
- 0.1957 
- 1.500 
2.200 
0.4679 
0.96 
88 
21.63 
20.13 
5.50 
9.03 
118.73 
63.10 
29.38 
7.86 
1.38 
9.16 
133.00 
12.2 
170.47 
27.8 
786.5 
1.89 
4.57 
2.73 
8 .862  
0.83 
0.8202 
2.3520 
10.75 
127.39 
F-value at 12/60 for 5% = 1.83 and for \% = 2.34 
Table 55. Ltndarln-63 defoliation week 3 NCE and EVTR variables, coefficients, F-values and means 
NCE EVTR 
Variable Coeff. F-value Coeff. F-value Mean 
X, 
^4 
S 
^6 
X 8 
Xç 
X 
X 
X 
X 
10 
11 
12 
13 
Constant 
time 
(tlme)^ 
TL 
(TL)2 
2 
LAI 
(IAI)2 
ly 
(ly)^ 
LAI . 
VPDI 
(VPDI) 
r2 
ly 
2 
residual d.f. 
- 4.827 
0.9269 
- 0.03388 
- 0.07564 
- 0.2803 
0.01378 
1.472 
- 0.2163 
3.478 
- 0.9267 
0.90 
92 
16.92 
14.11 
12.51 
14.34 
6.73 
27.17 
20.27 
23.11 
5.07 
- 6.70 
0.9724 
- 0.03378 
- 1.837 
0.1012 
2.068 
- 0.1736 
1.058 
0.5094 
- 0.006457 
0.95 
92 
6.64 
5.29 
220.19 
138.67 
17.80 
4.49 
19.41 
16.16 
1.90 
1 2 . 8  
172.71 
28 .0  
798.6 
2.94 
13,11 
2.99 
9.958 
0.85 
0.8441 
2.6091 
10.68 
125.51 
F-value at 12/60 for 5% = 1.83 and for 1% = 2,34 
Table 56. Provar 1968 defoliation week 3 NCE and EVTR variables, coefficients, F-values and means 
NCE EVTR 
Variable Coeff, F-value Coeff, F-value Mean 
X, 
X 6 
X 8 
X 
X 
X 
10 
11 
^2 
13 
Constant 
time 
(time)^ 
TL 
(TL)2 
:Y' 
LAI 
(LAI)2 
ly 
(ly)2 
LAI • 
VPDI 
(VPDI) 
r2 
ly 
2 
- 4.134 
0.7238 
- 0.02668 
- 0.001234 
-  0 .2200 
0.009835 
0.8745 
- 0.1119 
3.460 
- 0.7812 
residual d.f. 
0.86 
92 
5.80 
4.97 
5.62 
5.61 
3.63 
7.76 
4.10 
16.63 
2.50 
-11.22 
2,118 
- 0.07778 
- 0.001470 
-  1.110 
0.03401 
2.698 
- 0.3721 
1.957 
0.01743 
0.90 
92 
11.04 
9.51 
1.27 
33.09 
9.77 
13.58 
9.06 
25.98 
57.35 
12.5 
166.01 
27.8 
787.8 
2 .06  
7.84 
2 .82  
9.314 
0.86 
0.8654 
2.5442 
10.66 
124.66 
F-value at 12/60 for 5% = 1.83 and for 17„ = 2.34 
Table 57. Blackhawk 1968 defoliation week 4 NCE and EVTR variables, coefficients, F-values and means 
NCE EVTR 
Variable Coeff. F-value Coeff, F-value Mean 
^2 
X3 
X. 
X. 
Xr 
10 
^11 
<12 
^13 
Constant 
time 
(tlme)^ 
TL 
(TL)2 
(*L) 
LAI 
(LAI)2 
ly 
(ly)^ 
LAI . 
VPDI 
(VPDI) 
r2 
ly 
2 
residual d.f. 
-11.73 
1.042 
- 0.04434 
0.3282 
- 0.004024 
0.8798 
- 0.01510 
- 0.6710 
0.5450 
0.92 
79 
16.86 
19.08 
2.38 
1.61 
11.84 
8.87 
5.66 
27.11 
21.52 
3.46 
- 0.1281 
- 2.425 
0.04059 
- 2.384 
0.1497 
2.313 
- 0.3349 
- 1.303 
0.5316 
0.96 
77 
47.06 
39.79 
35.85 
45.16 
174.41 
104.63 
22.10 
12.00 
5.53 
6.75 
11.2 
132.05 
33.5 
1133.1 
2.56 
8.91 
2.74 
9.192 
0.84 
0.8015 
2.2545 
13.93 
226.99 
F-value at 12/60 for 57» = 1.83 and for VL = 2.34 
Table 58. Hark 1968 defoliation week 4 NCE and EVTR variables, coefficients, F-values and means 
NCE EVTR 
Variable Coeff. F-value Coeff. F-value Mean 
X, 
^6 
X, 
10 
11 
12 
13 
Constant 
time 
(tlme)^ 
TL 
(TL)^ 
®L> 
LAI 
(LAI)2 
ly 
(iy)2 
lAI . 
VPDI 
(VPDI)^ 
r2 
residual d.f. 
ly 
-  2 .610  
0.09301 
- 0.04090 
0.6703 
- 0.1100 
0.2374 
0.5394 
0.97 
83 
66.53 
10.94 
47.86 
51.11 
3.27 
114.36 
15.23 
- 0.9822 
0.01722 
- 1.644 
0.07508 
3.325 
- 0.3796 
- 4.258 
2.391 
0.2087 
0.2449 
0.97 
79 
9.42 
11.53 
217.99 
116.76 
118.56 
56.74 
7.19 
7.00 
1.65 
107.95 
11.3 
135.76 
33.8 
1151.6 
3.32 
17.16 
2.90 
10.536 
0.84 
0.7999 
2.3648 
14.16 
235.90 
F-value at 12/60 for 57, = 1.83 and for 1% = 2.34 
Table 59. Llndarin-63 defoliation week 4 NCE and EVTR variables, coefficients, F-values and means 
NCE EVTR 
Variable Coeff. F-value Coeff. F-value Mean 
X, 
^7 
Xr 
'10 
4l 
<12 
<13 
Constant 
time 
(tlme)^ 
TL 
(TL)^ 
lAI 
(LAI)2 
ly 
(ly)^ 
LAI • 
VPDI 
(VPDI) 
R« 
ly 
2 
residual d.f. 
- 6.651 
0.3238 
- 0.003712 
- 0.09615 
1.195 
-  0.1682 
0.5272 
0.94 
82 
2.75 
1.60  
11.29 
54.77 
31.82 
74.45 
19.19 
1.466 
- 0.05988 
- 1.763 
0.2691 
- 2.138 
0.1324 
3.272 
- 0.4206 
- 1.839 
0.6717 
0.6426 
- 0.01017 
0.95 
76 
5.67 
6 . 2 2  
12.27 
13.19 
116.06 
75.96 
52.66 
27.77 
2.34 
7.01 
16.23 
8.52 
11.3 
134.96 
33.7 
1146.5 
2.55 
9.57 
2.96 
10.880 
0.84 
0.7969 
2.4396 
13.72 
216.46 
F-value at 12/60 for 57» = 1.83 and for 1% = 2.34 
Table 60. Provar 1968 defoliation week 4 NCE and EVTR variables, coefficients, F-values and means 
NCE EVTR 
Variable Coeff. F-value Coeff. F-value Mean 
X. 
X, 
X, 
X, 
'10 
4l 
^12 
^13 
Constant 
time 
(time)^ 
TL 
(TL)2 
2 (V 
LAI 
(LAI)2 
ly 
(ly)^ 
LAI • 
VPDI 
(VPDI) 
r2 
ly 
2 
residual d.f. 
- 7.898 
0.7194 
- 0.03039 
0.1929 
- 0.002160 
- 0.1168 
0.006568 
1.021 
- 0.1663 
0.9662 
- 0.9520 
0.5447 
0.98 
82 
22.27 
25.17 
2.43 
1.57 
5.45 
3.22 
40.29 
29.43 
2 .00  
7.25 
60.46 
- 0.17 
0.002778 
- 1.768 
0.09263 
2.765 
- 0.2633 
- 5.069 
4.022 
0.2086 
0.95 
85 
7.13 
121.67 
63.42 
37.21 
9.85 
12.33 
22.52 
46.42 
1 1 . 2  
133.95 
33.3 
1124.9 
3.13 
14.68 
2.91 
10.147 
0.80 
0.7407 
2 .2260  
13.52 
216.04 
F-value at 12/60 for 5% = 1.83 and for 1% = 2.34 
Table 61. Blackhawk 1968 defoliation week 5 NCE and EVTR variables, coefficients, F-values and means 
NCE EVTR 
Variable Coeff. F-value Coeff. F-value Mean 
Constant - 4.110 - 2.56 
time 0.5568 24.83 0.6556 5.63 12.0 
(time)^ - 0.02208 22.38 - 0.02594 5.66 153.37 
TL 26.1 
(TL)^ 0.002353 8.68 693.9 
x_ RT - 1.600 94.04 2.62 5 2 
^6 0.1158 33.87 9.01 
lAI 0.7262 41.84 1.882 52.54 2.54 
(lAI)^ - 0.1325 39.70 - 0.1578 9.53 7.904 
S ly 3.020 57.29 - 1.803 2.68 0.74 
^10 (ly)^ - 2.009 76.46 1.489 7.48 0.6546 
^11 LAI • ly 0.6048 107.96 1.8415 
*12 VPDI o 
8.17 
*13 (VPDI) 9 
0.01714 43.71 72.81 
0.97 0.96 
residual d. f. 77 74 
F-value at 12/60 for 5% = 1 .83 and for 1% = 2.34 
Table 62. Hark 1968 defoliation week 5 NCE and EVTR variables, coefficients, F-values and means 
NCE EVTR 
Variable Coeff. F-value Coeff. F-value Mean 
X„ 
X, 
X 
10 
41 
42 
13 
Constant 
time 
(time)^ 
TL 
(TL)2 
2 
<\> 
LAI 
(LAI)2 
ly 
(iy)2 
LAI • 
VPDI 
(VPDI) 
r2 
ly 
2 
residual d.f. 
- 6.574 
0.9968 
- 0.04238 
0.03306 
0.9763 
- 0.1602 
2.126 
- 1.557 
0.6263 
0.98 
81 
50,52 
55.59 
2.13 
33.52 
35.08 
7.56 
18.80 
55.63 
- 2.19 
0.3980 
- 0.02196 
0.1390 
- 1.778 
0.08084 
0.6488 
- 7.733 
3.554 
0.6866 
0.9968 
- 0.02347 
0.96 
78 
1.13 
2.37 
8 . 6 1  
150.95 
112.56 
18.79 
23.43 
22.78 
16.62  
25.91 
6 .01  
11.9 
151.48 
25.6 
607.2 
1.93 
6.75 
2.74 
9.020 
0.71 
0.6064 
1.8144 
7.87 
68.25 
F-value at 12/60 for 5% = 1.83 and for 1% = 2.34 
Table 63. Lindarin-63 defoliation week 5 NCE and EVTR variables, coefficients, F-values and means 
NCE EVTR 
Variable Coeff. F-value Coeff. F-value Mean 
Constant - 1.693 3.06 
time 12.0 
(tlme)^ 152.47 
S TL - 0.3053 3.04 25.9 
\ (TL)2 0.0003624 1.44 0.008267 6.34 691.0 
S 'L 2 
- 3.968 73.98 1.57 
^6 - 0.01523 1.47 0.4945 30.89 3.15 
LAI 1.380 61.31 2.623 27.96 2.28 
(LAI)2 
- 0.2689 66.91 - 0.2607 9.12 6.450 
^9 ly 4.077 62.74 0.74 
^10 (ly)^ - 2.332 82.15 0.6604 
Xu LAI . ly 0.6964 64.24 0.2571 3.62 1.6107 
*12 VPDI O 
0.7024 22.09 8.02 
*13 (VPDI) O 0.01184 1.88 71.46 
R^ 0.96 0.97 
residual d. f. 81 79 
F-value at 12/60 for 57o = 1.83 and for 17„ = 2.34 
Table 64. Provar 1968 defoliation week 5 NCE and EVTR variables, coefficients, F-values and means 
NCE EVTR 
Variable Coeff. F-value Coeff, F-value Mean 
X, 
X, 
X, 
10 
11 
12 
13 
Constant 
time 
(time)^ 
TL 
(TL)2 
2 
®L> 
LAI 
(LA1)2 
ly 
(ly)^ 
LAI . 
VPDI 
(VPDI) 
r2 
ly 
2 
residual d.f. 
- 8.506 
1.071 
- 0.04462 
0.1933 
- 0.004359 
0.9578 
- 0.1547 
1.959 
- 1.086 
0.4880 
0.94 
80 
43.84 
46.39 
3.02 
4.54 
18.62 
15.05 
3.64 
5.02 
23.80 
- 5.30 
0.8412 
- 0.03325 
0.9482 
0.03188 
1.279 
2.555 
- 0.7156 
0.5388 
- 0.01257 
0.94 
80 
3.61 
3.87 
102.89 
65.55 
56.28 
50.10 
16.29 
6 . 6 8  
1.24 
11.9 
150.24 
25.6 
674.8 
2.94 
20.16 
2.75 
8.750 
0.71 
0.6185 
1 .8622  
7.70 
65.64 
F-value at 12/60 for 5% = 1.83 and for 1% = 2.34 
Table 65. 1967 developmental correlation matrix 
day (day)^ time (time)^ TDO (TDO)2 
^L LAI 
day 1.0000 
(day)^ 0.9737 1.0000 
time -0.0200 -0.0289 1.0000 
(time) 2 -0.0303 -0.0400 0.9960 1.0000 
TDO -0.3305 -0.2097 -0.1081 -0.1504 1.0000 
(TDO)^ -0.3420 -0.2213 -0.1178 -0.1591 0.9985 1.0000 
\ , -0.0596 0.0481 0.2720 0.2820 0.1551 0.1552 1.0000 
-0.0774 -0.0065 0.1935 0.2018 0.0806 0.0815 0.9007 1.0000 
LAI 0.6593 0.4864 0.0436 0.0392 -0.5791 -0.5842 -0.3757 -0.2729 1.0000 
(LAI)2 0.6343 0.4599 0.0353 0.0314 -0.5937 -0.5967 -0.3675 -0.2684 0.9925 
ly -0.0978 -0.0809 -0.6986 -0.7302 0.4448 0.4490 -0.2273 -0.1569 -0.1367 
(ly)^ -0.0898 -0.0752 -0.6982 -0.7274 0.4124 0.4185 -0.2013 -0.1343 -0.1264 
day • time 0.9518 0.9228 0.2518 0.2418 -0.3520 -0.3648 0.0261 -0.0167 0.6421 
day • TDO 0.9850 0.9768 -0.0405 -0.0578 -0.1784 -0.1924 -0.0416 -0.0725 0.5906 
LAI • ly 0.3000 0.2152 -0.5522 -0.5817 0.0335 0.0294 -0.4293 -0.2909 0.4645 
NCE 0.1626 0.0134 -0.3652 -0.3812 -0.1892 -0.1941 -0.6234 -0.4142 0.5761 
EVTR 0.2605 0.2061 -0.2565 -0.2938 0.2270 0.2220 -0.6366 -0.4894 0.3237 
VPDI 0.0936 0.2424 0.1274 0.1025 0.5726 0.5675 0.4241 0.2651 -0.4215 
Table 65. (Continued) 
(LAI)2 ly (iy)2 day • time day • TOO LAI • ly NCE EVTR 
(LAI)^ 1.0000 
ly -0.1280 1.0000 
(ly)^ -0.1164 0.9830 1.0000 
day • time 0.6165 -0.2893 -0.2777 1.0000 
day • TOO 0.5604 -0.0243 -0.0244 0.9281 1.0000 
LAI ' ly 0.4649 0.7851 0.7690 0.1153 0.3274 1.0000 
NCE 0.5726 0.4662 0.4290 0.0439 0.1461 0.7997 1.0000 
EVTR 0.3078 0.5161 0.4689 0.1675 0.3179 0.6580 0.6201 1.0000 
VPDI -0.4132 0.1496 0.1139 0.1061 0.1992 -0.1176 -0.4103 0.1710 
VPDI 
VPDI 1.0000 
Table 66. 1967 combined defoliation correlation matrix 
day (day)^ time (time)^ TDO (TDO)^ %L 
CM 
>
 
LAI 
day 1.0000 
(day)^ 0.9978 1.0000 
time -0.0151 -0.0202 1.000 
(time) 2 -0.0176 -0.0223 0.9951 1.0000 
TDO 0.1998 0.1833 0.1783 0.1213 1.0000 
(TDO)^ 0.2111 0.1937 0.1657 0.1102 0.9968 1.0000 
^ O 
0.0151 0.0149 0.3560 0.3622 0.2202 0.2114 1.0000 
0.0444 0.0431 0.2553 0.2667 0.1103 0.1032 0.8824 1.0000 
LAI -0.4227 -0.4179 0.1727 0.1586 0.2296 0.2202 0.5209 0.3387 1.0000 
(LAI)2 
-0.3785 -0.3737 0.1613 0.1478 0.2382 0.2301 0.5199 0.3476 0.9729 
ly -0.0335 -0.0275 -0.5296 -0.5805 0.3285 0.3225 -0.2479 -0.2092 -0.0437 
(ly)^ -0.0674 -0.0607 -0.4845 -0.5351 0.2827 0.2750 -0.2164 -0.1773 -0.0302 
day • time 0.6140 0.6083 0.7698 0.7641 0.2650 0.2627 0.2869 0.2303 -0.1296 
day • TDO 0.7896 0.7778 0.0965 0.0597 0.7538 0.7600 0.1425 0.0949 -0.1430 
LAI ' ly -0.3622 -0.3545 -0.1330 -0.1705 0.3302 0.3254 0.2304 0.0950 0.7719 
NCE -0.5918 -0.5943 -0.1592 -0.1876 0.1551 0.1467 -0.0351 -0.0856 0.6032 
EVTR -0.1275 -0.1291 -0.0123 -0.0670 0.5572 0.5582 -0.1457 -0.1576 0.4235 
VPDI 0.3383 0.3268 0.2383 0.1956 0.7942 0.8029 0.2468 0.1345 0.1968 
Table 66. (Continued) 
(LAI)^ ly (iy)2 day • time day • TOO LAI • ly NCE EVTR 
(LAI)2 1.0000 
ly -0.0312 1.0000 
(iy)2 
-0.0245 0.9797 1.0000 
day • time -0.1156 -0.4363 -0.4192 1.0000 
day • TOO -0.1140 0.1782 0.1271 0.5725 1.0000 
LAI • ly 0.7507 0.5084 0.5158 -0.:?48 -0.0442 1.0000 
NCE 0.5253 0.3956 0.3920 -0.4837 -0.3051 0.7694 1.0000 
EVTR 0.3966 0.4465 0.4172 -0.0888 0.2568 0.5937 0.5131 1.0000 
VPDI 0.2379 0.2085 0.1726 0.3923 0.7170 0.2516 -0.0442 0.5581 
VPDI 
VPDI 1.0000 
Table 67. 1968 combined defoliation correlation matrix 
day (day)^ time (time)^ TL (TL)2 LAI 
day 1.0000 
(day)^ 0.9687 1.0000 
time -0.1177 -0.1091 1.0000 
(time)^ -0.1188 -0.1115 0.9926 1.0000 
TL -0.1435 -0.1882 0.1641 0.0989 1.0000 
(TL)2 
-0.1345 -0.1786 0.1526 0.0900 0.9934 1.0000 
-0.3057 -0.2482 0.2839 0.3121 -0.0734 -0.0786 1.0000 
(%L) -0.2120 -0.1561 0.2166 0.2372 -0.0509 -0.0578 0.9138 1.0000 
LAI -0.1565 -0.1834 0.0242 0.0240 -0.2371 0.2381 0.3539 0.2332 1.0000 
(LAI)2 
-0.1525 -0.1708 -0.0117 -0.0129 -0.2079 -0.2083 0.3754 0.2705 0.9791 
ly -0.0208 -0.0319 -0.1695 -0.2650 0.5813 0.5668 -0.3211 -0.2516 -0.0982 
(iy)2 
-0.0674 -0.0739 -0.1211 -0.2119 0.5538 0.5434 -0.2624 -0.1997 -0.0668 
day • time 0.8873 0.8514 0.2827 0.2750 -0.0751 -0.0724 -0.2167 -0.1628 -0.1156 
day • TL 0.9389 0.8829 -0.0726 -0.0929 0.1561 0.1568 -0.3277 -0.2254 -0.2116 
LAI • ly -0.1179 -0.1539 -0.1033 -0.1687 0.2364 0.2221 -0.0438 -0.0918 0.6337 
MCE -0.0174 -0.0516 -0.1240 -0.1972 0.1339 0.1044 -0.1965 -0.1879 0.4607 
EVTR 0.0695 -0.0027 0.1131 0.0326 0.5235 0.5182 -0.4412 -0.3040 0.0364 
VPDI -0.0205 -0.0836 0.3864 0.3291 0.7890 0.8010 -0.0959 -0.0672 -0.3075 
(VPDI)^ -0.0014 -0.0581 0.3052 0.2607 0.7059 0.7334 -0.1064 -0.0763 -0.3175 
Table 68. (Continued) 
(LAI)2 ly (iy)2 day • time day • TL LAI . ly NCE EVTR 
(LAI)^ 1.0000 
ly -0.0834 1.0000 
(ly)^ -0.0519 0.9788 1.0000 
clay • time -0.1260 -0.0726 -0.0993 1.0000 
clay • TL -0.1987 0.1507 0.0937 0.8364 1.0000 
LAI . ly 0.6238 0.6479 0.6516 -0.1327 -0.0429 1.0000 
NCE 0.4153 0.6157 0.5710 -0.0343 0.0497 0.8249 1.0000 
EVTR 0.0137 0.6805 0.6589 0.1356 0.2274 0.5281 0.5665 1.0000 
VPDI -0.2972 0.4593 0.4318 0.1378 0.2175 0.0925 0.0310 0.5859 
(VPDI)^ -0.2979 0.3637 0.3368 0.1241 0.2171 0.0044 -0.0643 0.4943 
VPDI (VPDI)^ 
VPDI 1.0000 
(VPDI)^ 0.9573 1.0000 
